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ABSTRACT

)

b .. » . i
- Tintlnnlds and other protézoa in eastern Cahadian waters \

tend to be ahlmiam: only during surner - and fall and to be alrost
totally absent atother tlmes/of-ﬂxayear. Tintinnid abundance’
is positively correlated with the abundance of nanﬁplankton on

which they primarily feed. The presence of most species of

gfotozoa is marked by huge variations in abundance ov?f“very

short periods of time (less than a day). Many of the.species

-

are quite transient, appearing and disapPeéring at times within

\

a week. The principal factor controllng tintinnid populations

in the field is most likely food supply modlfled by complex in=~

teractions W1thwgrazers,ftemperature and\reproductlve rates.
Tlntlnnlds feedlng on nanoplankters can consume 0—75% of
\
their body volume/br with filtering rates!of 0-5 nl/anlmal/br.

These rates must enable tintinnids ea511y to control nanoplank—

£on populatlons in the faield.

]

Tintinnids do not excrete amino acids but may excrete con-—
siderable quantltles of ammonla (average rate of 6 65x10.6 ‘M
A
ammonla*N/anlmal/hr) and urea (average rate of 4.43x10 G\yM urea-

ﬁ/animal/hr]. These rates are sufficient to supply 25-30% of

thejnitroéen requirement of the'Narth West Arm phytoplankton

and are Bne to two orders of magnitudé highex {on a dry weight

basis) than the excretion rates of marine macrozooplankton.
Reproductive rates of tintinnids raﬂge frém 1 to 9 days,

averaging 4 days. These rates were determined for cultures and

.also “for natural pobulations using abundances and lorica lengths

as indicators of reproductively\active.populations.
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1. GENERAL INTRODUCTICNM

@
'

Tintinnids are. almost exclusively free-swimming pelagic
' ( . .
marine ciliated protozoa which occur at all latitudes, in all
seas, and predominantly in the euphotic zone. They are char-

acterized by a conical or trumpet-shaped extensile body which

is attached by its inverted apex to the base or side of an -

[ Y

enclosing delicate ﬁest, called a "lorica". Except at the

" point of attachment, the soft body is{separated from the lor-

ica by ég,empty space. Tintinnids range in size from 20 to
1000 u, but most are in the 100-200 p range. ‘

' There aré about 750 épegies of tintinnids in some 62 gen-
era and 13 families. Tintinnid taxonomy has been baséd almost
entifely on the Worphology of the }crica since the time of
Kofoid and Campbell, (1929,1939). Some classification modifi-
cations have been made by Corliss (1962) and Marshall (1969).
Recent 1nvestlgatlons by Gold and Morales- (1975a,b, 1976) )

using scanning electron m‘%roscopy may léad to further modl-

a
v

fications of tintinnid taxohomyid
‘InformatiOn on éintinﬁids isk;elative%y sparse, sEattg¥e§
and usually noh-guantitative. Man? studies concérn taidngmy,
distribution and general abundance (non-quantit§tive). See;
forﬁé%ample, the number of papefg listed in Zeitzschel (1969i.
Camg%ell {1926, 1927) did some early studies on cytology.
Laval (1971, 1972, 1973) has done some recent studies on tin-
tinnid ultrastrﬁ;ture using electron microscopy. The morphol-

ogy of the lorica has been studied by Biernacka (1952) and

Burkovsky (1973). There are a few notes on vertical migration

¥
o
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in papers by Eggert {1973) and Zaika and Ostrovskaya (1972).

' Other than this, Jittle appears to have been done. ‘Tintinnids
are generally ignored by those who study phytoplankton because
they are not phytoplankters, and they are ignored by those who
study zooplankton sirply because thely are too small. ‘

. The most recent extensive studies of tintinnids (usuélly ,

lof‘the genus Tintinnopsis) have been those of Gold (1966, 18568,

1369a,b, %970, 1971, 1973a,b, 1974a,b) and Gold and Morales

{1974a,b, 1975a-4, 1976). They have beﬁh successful in cul-

['4
.turing Tintinnopsis and(have investigated the‘bioloqy, preser-

3

° wation, feéding habits, lorica devélopmgnt and growth charac-
teristics of mass-cultured tintinnids. n
Tintinnids are most abundant in ngritiq‘waters‘where they
may comprise up to 43§‘cf the microzooplankton (animals smal-
ler than about 200 ) numeiically or about 23% as organic
ﬂ%éaxbon\(B7é§; and Stewart 1970). ;lthoughtthey may rapresent

" only a small part of the total plankton biomaés; tintinnids

o
4

may occup én.importaﬁt place toward the base of éh§~food web

in nerfitic water;. Analyses of samples Gollected biweekly or
weeklﬁ ffém the Northwest Arm (Nhi) of Halifax Harbour have
shoyn that the tintinnids can appear in and disappearofrom thé\\-«f
net plankton very rapidly so that a realistic assessment of

their role in the food web cannot be made until their distri-

bution and abunéanc; in time are worked out in greatetr detail.

The close proximity of the Dalhousie University campus to the

NWA provided a good opportunity.to study small sc?le changes '\'Q%

PS

in tintinnid abundance throughout the year.

¥
N



Tintinnids are said to be second trophic level feeders
{(Zeitzschel 1967) consuming bacéeria, algae, minute flagellates
(especiaﬁg coccolithophorids), dlnoflagellatﬁfvand small cil-
iates of the nanopla kton {(Campbell 1954). _They are active
gi *  hunters rgther than merely passive filterers,  which may efﬁiain

) why the;rappear td be more prevalent in highly prodictive ner-

itic areas rather than in more oligotrophic open ocean waters.

It is ébS§ib1e that they may ut organic agqrega%es and/

»

or dissolved organic matter. Since fintinnids consume minute
food particles, they are probablpa ba;}F link in.the food

web ketween ultraplankton and organjsms such as’ copepcds, which
may not be able to handle’small farticles. There are only two
papers dealing with the quantitative aspects of tintinnid

‘ feeding; i.e.,,those of Spittler (1973} and Blackbourn (1974).
o In order to asggss the role of tintinnids "in the energy flow

of an ecosystem it is necessary to ;xpa;d our knowledge about
the kinds of food consumed by tintinnids and about their feed-
ing ra@es. . )
§ . An area of tintinnid biology not even touched upon so far

™
- . is their interaction with the phytoplankton via their ;ole,in

.

‘ regeneratiﬁi;yitrogen which {s vital to photosynthesizing
phytoplankt rs. It has been assumed that pfgzozoa, beca?se
of their small éize,’must have high metabolic rates and there-
fore high excretion rates. There is some evidence fgr this

i in the work of Hargrave and Geen (1968) and particularly
J { j/”“EEEhannes (1968) on phosphorus regeneration, but nothing is
k

nown of nitrogen regeneration by tintinnids. The large

-
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abundances of tintinnids to be found at timés in the Kwa hav!?

provided an opportunity to gain some first order approxima-

tions of the nitrogen-releasing capabilities of these proto-

~ '
o+ \\ t

zoans - 3 ®

- '
g

In order to gain increased knowledge of the role of tin-
- - /

tinnids in a natural ecosystem, the objectives of this s#ﬁdy

were as follows: - j
h {

1.” To determine the distribution, abundance and spedies

> e 1

¥

succession of gintinnids and other protozoa in the NWA with
particular regard, to small scale temporal variations.
2. 76 .dekermine feeding rates of the major tintinanid spe-

cies found in the NWXA. e .

3.' To obtain some information about the types and quanti-

ties of nitrogen-containing compounds gxc

Yt
e
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2. TINTINNID (AND OTHER PROTOZOA) ABUNDANCE, IISTRIBUTION AND
SEASONAL CYCLES IN THE NORTHWEST ARM OF HALIFAX HARBGUR

4

INTRODUCTTION

i

/ ' .

There is a substantial number of pggers dealing with the

distgibutioﬁ of tantinnids (and other protozoé) in marine

waters (see ZeitzZschel's rather extensive 1969 list of refer-
ences as well as Loeblich and Tappan 1968). Fowever, the
vast’major;tx éf these are taxonomic studies and list the .

species as dnly "present, rare, common, very abundant”, etc.,

g nets, usually
A

primarily because the collections vere made usi

with meshes of >150 . Since the largest tintinpnid (Para-—

favella) has a diameter of only about 60 n, such nets would

allow the escape of most tintinnids. Noszlggicate rotozoa

{ and indeed séme loricate forms such as the strombidia) are

certainly deséroyed by nets.

L\ T
Some attempts to qwfntify tintinnid abundances have been
)

made by the following workers:

«

(a) Hensen (1887); net collections of Parafavella from the

North Sea,
(b) Brandt (1907); net collections of total tintinnids from,

the Irminger Sea,
(c) Lohmann (1998); centrifugation samples of Tlntlnnop51s

nucula from Kiel Bay,
: () Lackey (1936)4--Utermohl samples of Tintinnopsis beroidea

.dnd total ciliates from Woods Hole,

(e} Halldal (1953); Utermohl samples of Parafavella from
the Norwegian Sea,

{f) Vvitielld (1964); Utermohl samples of total tintinnids
fron the Bay of Algiers, . ‘

{g) Zeitzschel (1967); net collections of total tintinnid$xs

from North Atlantic weather stations, |,
(h) Mulford (1973); Utermohl samples of total tintinnids

' from Chesapeake Bay,

i) Hedin (1974); net collections of total tintinnids from
a Swedish fjord. // .

&

* Bt Ry iy
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Most of these studies suffer from (a) long time intervals e

between sampling (e.g. Hedin, Zeitzsch=l, Mulfofd) or (b)

covering only very short pér' ds of time (e.q. Lackey, Viti-

¢

elle). FEowever, they generally show one important feature:

L L
great fluctuations in abundance (and composition) of the
tintinnid fauna during the sampling period. -
In order to agsess the impact.of this group of organisms

-
: on the environment and. on other opyfanisms, it is necessary
N\

to have a better idea of whigh-Species occur, when they occur

»

~and inwhat abundances. e desire for such information
prompé:dwtbis/giudy of protozoan taxonony, distribut{ggf;nﬁ

+ abundance in the Northwest ﬁrm (NWA) .

R . 3 ’
' METHODS .

»

During 1972 an§ the suﬁmer of 1973,’500-m1 samples were
‘taken using 5-1 Niskin bottles {(and preserved with 1% Champy's
fixative) fiom 0, 6, 12 and 25 m at Station A (off Ferguson's
Cave) and . from 0, 4, 8 and 13 m at Station E (midway between

?
the Dingle and Little Gut). Figure 1 shows the location of

H]

these NWA stations. The sampling interval was two weeks, (one
week during the spring and fall phytoplankton blooms). A

total of 312 samples were taken for the enumeration of phyto-

©

L plankton and protozoa using the Utermohl method (;931).‘ For
-/ X .
the enuheratiog of protozoa and large phytoplankters, specimens

in 300 ml of the preserved sea water sample were allowed to

settle and were then counted at 100x using a Wild inverted
- (4
microscope. Enumeration of the more numerous nanoplankton

- -~
¢

¢
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required the settling of 10-50 ml and counting at 400x. Sal~

inity and tempnrature were also rﬁcorded for each sampling

(%}

date. . . /

During 1974 a net tow was takeh every week at Station E
using a 30-cm, 10 ) mesh net. The tow was vertical and lasted
agprox%mately 5 mlnut?s. Sdlinity and tempeérature were also
recorded and a boitie sample was collected {(and preserved} from
5 m. Net ﬁhytoplagkton as well as protozoa were noted but the
organisms were nqt enumerated, althougg tn? five most abundant
phytcplaﬂkton species were noted as such. Protozoa were enum-
erated from the presei&ed bottle samples.

From 11 Octobef 1974 until 12 October 1975 (except for
the period 17 Dec 1974-23 Jan 1975) dailyaé&rface bucket sam-—
ples were taken (amd preserved; at daylight low‘tideﬁat the
6ak1and Pier (directly opposite Fleming Park Towex, at the
pingié, see Fig. 1). 200 ml were settled and the protozoa
identified and enumerated at 100x. From 15 February until
the end of the sampling period .the five most abundant ph;to~
plankters were also noted, but tﬁe phytoplankton were not

counted. Watern temkgerature was also recorded.

t
]

RESULTS

>
A Note about the Phy‘oplankton.

In the NWA spring and fall dlnoflagellate blooms generally
follow spring and fall diatom blooms. Table 1 indicates the
pﬁytoplankton species involved in the blooms observed in 1972, -

1974 and 1975. Figs. 2 and 3 show the abundance of diatoms,

B T A e BRI HB . "t e T 3 5 s AN il Ll M LIk <
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dinoflagellates and ¥hoplankton for 1972 and the summer’ of

1973. The sequence of events is the same from year to year

-~

although the time of occurrence,ray shift backward or forward.‘“¢
The summer phytoplankton is com&%@tely dominated by nmano-

plankton, - ) .

’
L

-

Table 1, Diatom and dlnoflagellate bloom species: 1972 1974

and 1975 ‘. . .
X ‘! V‘x
DATE * DIATOMS DINOFLAGELLATES
4
1972
Mar-mid Apr Chaetoceros socialis +
Thalassiosira
late Apr . Gyrodinium fusiforme
early June Leptocylindrus danicus
July Gymnodinium rotundatum “
late Sept Skeletonema costatum
early Oct- Gonyaulax unicornis
1974 )
Apr-mid May Chaetoceros socialis +
Chaetoceros debilis
early July Skeletonema costatum
late July Dinophysis norvegica +
Ceratium longipes

late Sept- = Rhizosolenia

late Oct’ fragilissima
Nov Ceratium longipes +

Distephanes speculum* o

1975

Jan-éarly Mar Distephanus speculum*
late Mar-Apr Chaetoceros socialis +
. Thalassiosira -
late Sept Skeletonema costatum
June~Oct - Dinophysis norvegica +
Qeratium longipes

* gilicoflagellate

o
Forty-five species of protozoa were identified in the NWA

during 1972-75, 40 of which were ciliates, 25 being tintinnids

y - .
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o Figqég 2. Abundance of diatoms and dinoflagellates:
,. . . - *
E 1972 and summer ,of 1973 Y(circles indicate 1973 values).
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Figure 3. Abundance of nanoplankters and tintinnids:

‘ 1972 and summer of 1973 {circles indicate 1973 values).
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and 7 being strombidia. Only 16 species gall ciliates) were-
sufﬁ?&iently abundant for a long enougp period of time/to be
considered important. These 16 SpeCléS are marked with an
asterisk in Tablexz, which lists all species identified and

»
the months of occurrence.

ig. 4 shows the abundance of total protozoa during’1912-
75, based on biweekly or weékly’samples. Table 3 indicates
ghe protozoan species involved iﬁ the peaks observed. 1In
égneral, th; prodtozoa experience a minor®peak in early March
fgllowed by a decrease until summer during which time the
pr?tozoa reach their maximum abundance. A {decline in numbers |,
during October is followed by another bg;st of growth in Novem~—
ger, smaller than the summer peak but largérgghan the early
spring peak. Thig distribution is particularly clear in the
graphs of dailgﬁﬂbundance (Appendix A Figs. 1-4).

Little is known about the strombidia. Although these
oligoérichous ciliates possess loricae, they are very fragile.
I have only rarely seen them iﬁ‘net hauls but counts from
settled bottle samples reveal that they are usually the mosp
abundant protozoans present. quing the first four months of
the year they commonly comprise 90-100% of the protozoa (F}g.
5). During the summer they are e&ual in number to tintinnids
and in the fall they again dominate the protozoa after the

-

final tintinnid bloom. The numerical abundance of the strom-
% »
bidia is presented in Fig. 6 and Appendix A, Figs. 5-8.
Five strombidia species are commonly found in the NWA.

These are shown in Appendix B figures 1-5. The abundance of
-—p

I

fp—
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Table 2. RNorth Weﬁ,t Arm protozoan species and their months of
J occurrence \
SPECIES j 1972 19)13 1974 1975
|
Phylum PROTOZOA : ’
Subphylum PLASMODROMA .
Class SARCODINA .
-*+ gybclass RHIZOPODA
Order TESTACIDA ‘ , ’
Difflugia oblonga ! May ) June
Euglypha loevis July-Sept
Order FORAMINIFERA
“Globigerina aequilateralis Mar-May June-Sept Nov Jan,June
Aug-Dec
Subclass ACTINOPODA
Qrder RADIOLARIDA
Acantiostaurus pallidus Dec
Subphylum CILIOPHORA ‘
Class CILIATA
Subclass HOLOTRICHID
Order GYMNOSTOMATIDA
Cyclotrichium meunieri#® Mar-pec *Jan)|June- Jan-Dec  Jan-Oct
4 Seph,Dec
Didinivim nasutum Apr Mar-May
Mesodinium pulex* ' May,June, Feb-Sept
" f Det,Nov
Mesodinium yubrum June |, ! Nov,Dec May-Aug
Tiarina fusus ° o \ | -Apr,May
. ; July-Sept
Ordexr HYMENOSTOMATIDA !
Frontonia marina June f‘ Nov,Dec Jan-Oct
Subclass SPIROTRL
Order OLIGOSTICHID
Strombidium sp.* Mar-Dec Jan, Mar-June Jan~Oct
) June~-Sept Sept-Dec
Strombidium acuminatum Oct,Nov Mar-June
Strombidium calkinsi* / Mar-June, Jure~Sept Mar-June, Jan-Oct
Aug—Nové\ aAug-Qct
Strombidium conicum® / Mar-Aug, Jan,Aug, Oct Jan~-Oct
| ° Oct-Dec Sept
Strombidium ovale Oct ¢ Apr,May
Strombidium strobilus¥* Mar-July, Jan,June, Mar May, Jan-Aug,
Nov,Dec Aug,Sept June,Sept Oct
/ v . Oct,Dec
Strombidium sulcatum* | Mar-Dec Jan,June~ Jan-Dec Jan-Oct
/ Sept,Dec
Tontonia gracillima¥ Mar,May~- Jan,June~ Max-June, Jan-Oct
/ Dec Sept Sept-Dec
Ordey TINTINNID/A
ff '

)
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Table 2. {continued) N
oPE I%3 - 1972 1973 1874 1975
Acanthostdmella norvegica . Mar
Coxliella ampla . May
Dadayiella bulbosa Sept
Dictyocysta reticulata May ¢ < duly
Helicostomella subulata¥® June~Dec  Jan,July- Mar,June- Jan-Mar
, ¢ Sept’ Rec June-Oct
! Leprotintinnus pelW May - June~July Apr-June, May,June
Dec
Parafavella grgantea¥* . Apr,May, July-Sept Aug-Oct, Feb,Aug~-
. July~Sept pec Oct
Parafavella parimdentata apr,May, Jan,Bug May ,Nov Feb
b ' Aug,Oct~
N Deg
Parundella minox - Mar,Apx - Sept
, Proplectella perpusilla May~Aug, Nov,Dec
: Dec
o Proplecﬁlla tumida Nov Feb,July,
' Oct
Ptychocylis drygalski Apx,Dec uly* Apy ,May
Salpingella acuminata Dec Oct
Salpingella curta ° Oct
Tintinnopsis cylindrica Sept
Tintinnopsis karajacensis* Apr,June, Mar-June  Jan-Aug
,  July
Tintinnopsis parvula¥® Mar-pDec Jan,June- Jan,Apr- Jan-Oct
B Sept,Dec Dec
Tintinnopsis nitida June ,July . Oct-Dec Aug
Tintinnopsis sacculus* . Mar ,May-  May-Oct
July,Sept
Tinti-nopsis strigosa* Apr,June, Jan,June- Mar—June, Jan, i
July,Oct  Aug Aug,0Oct-  Mar-July,
Dec Sept,0Oct
Tintinnopsis vasculum Mar-May, Mar-July
. Oct
Tintinnopsis wailesi Nov
Tantinnus tubulosus Dec June,Auq, Sept,Oct
. ‘; Sept
Undella columbiana Aug Nov,Dec Jan,Feb,
v . ‘Oct
- Jndellopsis marsupialis’ Sept ,
s Order HYPOTRICHIDA |
Euplotes sexcostatus¥ Apr,May, Jan,July Noy,Dec Mar-Sept
Sept-Dec '
Clasg SUCTORIA '\
Order SUCTORIDA :
Trichophrya columbiae i ' May,June
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Figure 4. Abundance of protozoa: 1972-1975

»

Figure 5. Abundance of strombidia expressed as
percentage of total protozoa: 1972-1975
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Fi{;\ure 6. Abundance of strombidia: 13872-1975
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the different strombldié.species is shown in Appendix A,Table

1, and Appendix A, Figs. 9-12. Note that for the 1975 data,

»e

only the periods of significant abundance are represénted.

In general, strombidia succession is as follows:

<
A}

S. sulcatum (Mar)—» Strombidium sp. (Apr)——bs: calkinsi (early

May) —»S. conicum (late May-June)—» S. strobilus (early June) . v

~» S. sulcatum (late July-aug)-»S. calkinsi (Sept)—~»s. sul- .
catum (late Oct) . 4 e

WS

The humerical abundance gfatlntlnnlds is shown in F1g¢ 3

[

¢
and Appendzx A, Figs. 13!&7. There is usually a minor peak
in spring followed by a decllgl with raximum numbers occur- .o

et
&

ring during several summer peaks. Sometimes a minor fall
burst of growth is observed. ; Note the differences is vertical

scale on the daily graphs. . d

' )
Seven tintinnid species are common to the NWA. These are

shown in Appendix B, Figs.6-12. Distributions of individual

tintinnid species are shown in Appendix A, Table 2, and Appen-—

dix A, Figs. 18-21. Tintinnid succession is as_follows:

¢

T. strigosa (May)—»T. karajacensis (first week in June) —»L.
pellucidus (second week in June) —aT. sacculus (third week in
June) —»T. parvula + H. subulata (July)—»H. subulata + P.
gigantea (Aug)—»H. subulata (Sept)—»T. parvula (Oct).

The four fémainlng important protozoa found in the NWA
are pictured in Appendix B, Figs. 13-17, and their seasonal
occurrence is shown in Appendix A, Table 1, and Appendix A,

FigS. 22—260 .

DISCUSSION

Fig. 7 shows the’surface temperature in the NWA during

-
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Figure 7. North West Arm surface water temperature: .

o 1972-1975
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the sampling period. 1In 1972 and 1975 the yearly maximum of

protozoa abundance (Fig. 3 and Appendix A, Figs. 1-4) corres-

ponded with mid-summer tempertiture minima.  There may be one

or more of these temperature minima, commonly in late July or
August. They are local wind-drived upwelling events in which
the warm surface layer is removed seaward and is replaced by

| ,
cooler and génerally more saline subsurface water from off-

- / . .
shore. The protozoa-temperature relationship does not hold

for 1974, perhaps because the water temperature was lower than
normal the %ntire year. It does not hold for the sungF of
1973 eitherl when the mid-summer temperature minimum did not
occur at all and protozoan numbers were unusually low. The

situation is much the same for the strombidia (Fig. 6 and

| d ,ﬁ»
Appendix A, Figs. 5-8). Notewggre, though, the presence of a&-

I
a spring maximum which occu:s/;hen water temperature is very

IQ{?
low (aboug 1°c). The*same is also true for tintinnids (Appen-

dix A, Fi s. 2, 18- 22)‘ In the 1975 data, there are indica-

tions thaf Cyclotrlchlum also prefers the mid-summer cool
periods and that Tontonia prefers the cooler waters of early
summer. | Mesodinium ig;.foun%' during spring warming but also
accurs ﬁn late July, which may suggest an optimum temperature
for it of 11-12°cC. Bary and Stuqkey (1950) noted that Cyclo-
trichium blooms in Wellington Harbour (Australia) declined
when the temperature exceeded 16° C. )
Althéugh a total of 45 protozoan species were identified,

there were never more than zbout half this number present at

»

»
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any one time (Fig. 8). ;pnly about one-third of the 25 tintin-
nid species were founq'ln the plankton at any one time (Fig.
9). Gold and Morales (1975) also found that lesg than half
the total number of tintinnid species occurring in the New
York Bight were present at any one time.

Yearly variations in the number of species.present is
similar for tintinnldsmand for total protozoa, which is rea~’
sonable since tintinnids comprise the majority of the species
observed. Few species are found during winter. The number
of 9pe01es begins to increase in spring, reaches a maxmmum in~
late May or early June, and drops off gradually during the”
remainder of the summer. A slight increase during the fa%i:,:
often occurs. The maximum number of protozoan (and "tintinnid)
species occurs well before the temperature max;mu%. In the
waters off New York Gold (1974) found that the maximum nunmber
of tintinnid. species ocd&nxed in the fall, well after the
yearly temperature maximum in”fhat area’, He suggested that
optimum temperature and adequate food supply in the fail pro-
duce this distribution. I suspect the same is true for the
NWA, despite the differe?ce in time of occurrence. Zeitzschel
(1967) also noted that the tintinnid maximum occurs before
the temperature maximum in the North Atlantic, as did Mulfoéd
(1972) in Chesapeake Bay. ~

4

Although the number of species present may be high when

\protozoan abundance 1s high, this is not always the case. 1In

\
fagt, the maximum protozoan abundance occur# when-the number

i

of #yecies is quite low.. If the Shannon-Wiener formula (Pielou

. .

- ~
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Faigure 8., Number of protozoan species:

A

Figure 9. Number of tintinnid species:

1972-1975

1972-1975
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1974) is used to cglculate species diversity indices, it is
clear that high abundance is usually associaééd with low di-
versity (Fig. 10). The Shannon-Viener diversity index is ’
calcu;gted as follows: °

s

. Hs = - 2 gi 1n P; ; whefe:

Hs = the diversity index of the sample

s + = the number of species in the sample ‘.

P; = the relative abundance of the i th species
measured . :

in p; = the natural log of P;

Thus this index takes into account not only the number of

species but also the relative abundance of each species. This

means that in the NWA there are a large number of rather rare

species. The protozoa blooms consist of: (a) Cyclotrichium
&

(Oct~-Nov 1974}; (b) a Strombidium (Feb-Mar 1974); (c) any one

of the tintinnid species (July 1972); (d) a .combination of
any two of the groups (S. sulcatum and H. subulata in Aug

1975) : or even (e) all three (Cyclotrichium, S. sulcatum and

H. subulata in July 1975): This dominance of the comﬁunity
by a very few species hés also been noted for phytoplankton
(Mulford 1972) and it occurs among the net phytoplankton of
the NWA as well. Vitiello (1964) found many tintinnjd species
in the Bay of Algiers but only three species could be con-
sidered as common or abundant! '

It is fairly common to find seyeral species of the same

roup in the water column at the same time. This is probably

e

iﬁ
"g;;:‘ -
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Figure 10. North West Arm species diversity indicegs:

1972-1975
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a:t
made possible by most of the species being of the "fugitive"
sort during most of the time with ggﬁy one species blooming
at a time. However, one bloom can displace another in rapid
succession, as in 1975 when T. strigosa bloomed May 22-27; T.

sacculus bloomed May 27-June 5; and T. karajacensis bloomed

June 7-15.  Vitiello (1964) reported that in the surface

-

water of the Bay of Algiers Favella azonica«reaéﬁéafzts may-

B

imum abundance on Dec 16 only to be replaced by Tintinnopsis

beroidea gn Dec 23 which was in ‘turn replaced by Stenosemel%a

ventricosa on Jan 5. \\v>£
Data from 1972aéggwfthat when two species in the same

group are abundant at ,the same time they tend to occupy dif-

ferent regions of the water column or tend to be more abundant

at one station that at another. For example, H. subulata and

T. parvula bloomed at the same time (26 July 1972) but the

latter was much more abundant toward the bottom of the watexr

column (Fig. 11). The same was true of T. karajacensis and
T. strigosa (23 May 1975), the latter occurring at a lower
depth (6 m) at Station A and the surface at Station E, the

opposite being true of T. karajacensis. . Again, T. strigosa .o

and L. pellucidus have different depth preferences. H. sub-
ulata and P. gigantea usually occurred together (although

Helicostomella was always much more abundant) and their dis-

tribution with depth was very similar. However, they belong
to different genera and the great difference in size indicates

that they may feed on different-sized particles.

.
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Figure 1ll. Relative abundance of protozoa at various
deptlis at NWA Stations A and E (black = Station A;

red = Station E)
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Leprotintinnua Parafavella Tintinnopsis
pellucidus gigantea karajacensis
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Cyclotrichium
meunieri
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Fig. 11 also reveals that Helicostomella and Parafavella

prefer inshore water while T. strigosa and possibly T. kara-
- jacensis are offshore species. This fact may indicate that

) this strain of Parafavella gigantea is endemic to the NWA

-

.and casts doubt on the belief that Parafavella is strictly a

*

o e

tié cold-water species (Ling 1965) and is merely intruded into
.this area from higher latitudes. Besides, it is seen to under-
go division in this area so it is not merely a relict of the
. , North. Note also that the tintinnids are most common in the
upper part of the water column (0-8m) and that this is also
' “the area of maximum nanoplankton abundance (Fig. 12).
The depth distribution of the strombidia is similar at

both staﬁions although they all tend to be slightly more com«~

o <
mon offshore. It is common for all five species to occur to-

gether (particularly in May-July) but the group is almost al~-

‘ways dominated by S. sulcatum. During 1972-73 Strombidium

sp. seemed to have been usually more abundant than S. sulcatum,

but by 1975 this trend was reversed with S. sulcatum being

’

almost always more abundant than Strombidium sp. The reason

for this is unknown. Also, T. sacculus did not occur in 1972~

73 but was fairly common in 1974-75 while Ptychocylis drygal-

skii, Undella columbiana and Par?favella parumdentata, which
were Ffound in 1972-73, have disappeared from the NWA in the
past two years. These appearances and disappearances may
indicate long;term subtle changes in the environment of the
NWA or perhaps these distribution changes are influenced by

isolated intrusions of water from offshore.

.
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o The depth distribution of Cyclotrichium is similar to
3

t

b
\that found in %Vellington Harbour, Australia (BAry and Stuckev

<

1950), with its subsurface (4-8 m) maximum, although it blooms

more often in June-July and Oct-Nov in Halifax as opposed to

;e

April and August in Australia. This organism may be a common

-

inshore form, as the Scotian Shelf data indicate only low

. abundance offshore. This was the dominant protozoan in Nain

Bay, Labrador in late October 1973. It is‘g curious ovganism,
being ?OVEred by greenlsh-maroon convo-convex platelets
(chrom&tophores9) 1y1ng beneath ‘the pellicle. Bary and Stuckey
(1950) were not hble to find either cytostome or food vacuoles

an this organism so its mode of nutrition is in guestion. -

\

‘Stilll 1t is a most successful organism in the NWA and shauld

pe%hajs be stuaieq further once the problem of its delicate

nature can be soilved. b '
ﬁuglotes is generally considered to be a benthic species.

it wag only rarely encountered 1n the plankton at Station E.

Howev| r, at the Oakland Pﬂh% station during 1975 (Apr-July)

it was found in the plankton in substantial numbers several

LY

times
%t is also possible that the groups delimit their niches
by fe dlng on different types of organmsms. The two most
.-j’v

commdn strombldla are quite small and may feed on bacteria.

Spititler (1973) has determined that Tintinnopsis do not gen-

erall# take in particles smaller than 2’y or particles larger

2

than about half thear oral diameter (i.e., <20 u in most

P

-
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Y
cases) so that they probably feed on the panoplankton rather
than on bacteria (which are qgite detrimental to tintinnids

in culture). Cyclotrichium may be saprophitic; Euplotes may

not feed in tbe plankton at all.

Fig. 2 sﬂowed'a conspicuous relationship between tintin-
nid abundance and nanoplankton abundance in the NWA. Quali-
tative data from daily sampling during 1975 ‘confirm this pat-
tern. Tintinnid maxima geAerally occur after dinoflagellate
maxima (&hich occur after diatom maxima) and immediately lag
behind and’ overlap the nanoplankton peaks in a classic pred-
ator~prey pattern.

The major summg£ tintinnid maximum, which is comprised

almost exclusively of Helicostomella and Tintinnopsis parvula,

coincides with the mid-summer temperature minimum (Fig. 7),
which led me to suspect that the tintinnids were merely being
upwelled or dfiven inshore from offshore, especially ¥since

the absence cf the temperature minimum in 1973 was accompanied
by an absence of tintlnnldg as well. However, the offsho;e
data clearly indicate that the blooms of both species origin-~
ate inside the NWA. They occur at Station E first and are
muci more abundant there. The work of Hedin (1974$ also in~

dicates that Tintinnopsis and H. subulata are inshore species.

The Scotian Shelf data also indicate the very low abundance
of these species offshore.
I tHen thought that the upwelling water produced the

nanoplankto% bloom which in turn made the tintinnid burst of

S

@

growth possible, but the nanoplankton bloom appeared during

e

o rpnetey

*



]
.

X

/

-
, Kl

1973 and cell numbers remained relatively high all sumﬁer 50
that although many investigators (Biernacka 1948, Gilbricht
1954, Posta 1963, Zeitzschel 1967) consider temperature to be

! the controlling factor in tintinnid distribution, the exact

' mode of the temperature influence 1s.still not at all clear.

f Althoudh tintinnids may experience minor maxima during
periods of abundant dinoflagellates (as in Sept-Oct 1975),
they are never numerous during diatom maxima and tintinnids
are most abundant when only nanoplanktexs dominate the phyto-
plankton. This situation appears to hold true for the Scotian

Shelf as well. However, Gold (personal communication) f£inds

3 ]
v blooms of Tintinnopsis tubulosoides in January off Coney Island

éccompanied by large numbers of Skeletonema costatum, and

Zeitzschel (1967) reported tintinnid maxima during diatom

. and dinoflagellate maxima in the North Atlantic. Certainly

3

in culture large numbers of diatoms are detrimental to tin-

tainnjds, and they pfoba@&g cannot feed on chain-forming dia-
1 ’qh L 4 -
toms. The true relationship between tintinnids and-large

L , phytoplankters may not be clear from Zeitzschel's data be-
{

»

cause of infrequent sampling. Skeletonema is often found in

§ very short chains and even as single cells so they may thus

5

! be gquate small and pggbaps serve as a food source for this 4

e,
Tintinnopsis species. - N\,

The nanoplankton of the NWA consists primaraily of phyto-
flagellates such as the following: the prasinophytes Pyra-

=
mimonas and Tetraselmis; the haptophytes Chrysochromulina and

» Isochrysis; the unarmoured dinofldgellates Gymnodinium and
* é’ » A
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Glenodinium; the cryptophyte Rhodomonas (the most ubiquitous

and abundant species); the craspedophyte Salpinfgneci; the

chrysophytes Dinobryon, Kephyrion and Pseudop~dinella; and a

small naviculoid diatom. The preponderence of phytoflagel-
lates in the nanoplankton disagrees sharply with what was
found by, for example, Yentsch and Ryther (1958) who stated
that the nanoplankton consists almost exclusively of small
diatoms and that their numbers are relatively constant (aé
least from March until July). However, their cell number;
are very low indeed and the discrepancy between their <60 p
fraction chlorophyll graph and their <60 p fraction cell
‘counts makes it fairly obvious that large numbers of phyto-
‘flagellates were probably‘destroyed by the formalin preser-
vation of the samples. ' .

!

Perhaps the most striking feature of tintinnid distri-

o bution (and other protozoan distribution as well) with time

in the NWA is the rapidity with which they can appear and
disappear. For example, on three successive 5ays, the can-

centration of: (a) Euplotes sexcostatus went from 2175/1

to 2900 to 215; (b) Helicostomella subulata went from 12,502/1

to 44,040 to 7558; (c¢) Cyclotrichium meunieri went from

14,955/1 to 34,824 to 1718; {(d) Strombidium sulcatum went

from 12,786/1 té 165,930 to 2927. The reasons for this are
unclear but it is a common phenomenon. As early as 1934
Lackey's data showed this erratic distribution in the water

around Woods Hole. Vitiellpls weekly samples (Nov 1962-May

1
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- 1963) in the'Bay of Algiers clearly showed this phenomenon

as did Zeitzschel’'s (1967) monthly samples from the North
Atlantic. Beers and Stewart (1970) also commented on how
rapidly the ﬁintinnids appear, reach a maximum and disappear.z
Mulford (1972) and Hedin (1974) showed vE@%¥much less erratic
curves for\ tintinnid abundance in Chesapeake Bay and a Swedish
fjord réspectively, but their relatively\infrequent sampling
intervals (monthly) céuld account for this. It is clear from
my data (see FPig. 3 and Appendix A, Figs. 13 and 17, for ex-
ample) that decreasing the sampling interval from two weeks
to one week to one day only emphasizes the possible e;tremes
of abundance. '

Such "boom and bust” cycles also’occur in cultures (Fig.

31; Appendix D, Figs. 1-3) but they are notrquite as extreme.

However, a most spectacular crash cycle occurred in January

1975 in Dalhousie University's Tower Tank (3 m in diameter,
10 m deep). The tank was filled with unfiltered sea water

from the NWA on 15 Jan and left undisturbed. A tintinnid bloom

. v
was first noticed on 23 Jan. On 25 Jan the dominant species

L}

was Tintinnopsis karajacensis followed by Helicostomella sub-

ulata followed by Tintinnopsis strigosa. One day later T.

karajacensis was still the dominant species (2.36 x 106/1)

but T. strigosa (1.13 x 106/1) was more abundant than H. sub-~
ulata gg.l X 105/1) in the tank's surface waters. Note the
rapidity with which .the bloom developed (8 days) and the

rapidity with which species dominance changed (1 day). On

r
N
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28 Jan there was not one tintinnid to be found in the tank.
However; I noticed that by this time there were also no suit-
able food organisms for the tintinnids in the tank and that
the tank was abundantly populated by copepods. It ;s mé be~
lief that the primary cause of the tintinnid demise in the
tank (and probably true for natural poéulations as yell) was
exhaustion of food supply accompanied by heavy predation upon
them by copepods or other macrozooplankton. Tintinnid decline
in culture is more probably due—to adverse effects of meta-
bolic ;asées and bacterial overgrowth.

It is difficult to assess the effect of predation as a
controlling influence on tintinnid populations as no data are
available on the kinds and distribution of possible predators
in the NWA. But' macrozooplankton are known to consume them.

Hardihg (1972) found loricae in the gut of large, deep-water

copepods. Zeitzschel (1967) reported over 4000 Parafavella

lorigae in one Meganictiphanes gut. I have seen Tintinnopsis

loricdae in the gut of the Mytilus. Smaller copepods may con-
sume tintinnids in the same manner as they consume large dia-
toms; i.e., they break them apart and suck out the insides.

Hence, small copepods may consume tintinnids but not their

4 k3

loricae.
The rate at which tintinnids repreduce no doubt has some ef-
: 4

fect on their abundance. 8Such rate data are scarce. Gold
1y

(1970, 1971) reported a doubling time of one day for Metacylis

and 2.5-6 days for Taintinnopsis beroidea cultures. My cultures .

of Helicpstomella and two species of Tintinnopsis had doubling

s
2
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times of 3-% days. However, reproduction at the rates ob-
served in these cultures cannot account for sorme of the in-
creases that have been observed in nature. cOnverseax, the
cultures invaraiably decline rapidly after they reach theair
peak, but the rate of decline also is less rapid than the
observed dec;gase in natural populations. Various hjbotheses
have been advanced in an éitemp to explain this variability.
None of these can be regarded as firmly founded, and they are
not mutually exclusive. However, they deserve to be reviewed

-

briefly:

l. Prey-predator relations. Under conditions of optimal
food supply the rate of growth may in fact be greater than
is indicated by culture experiments. Short term feeding.exper-
iments degcrlbed in a later section indicate a highly varia-
ble feeding rate which i1n some cases is large enough to suggest
that the maximum ingestion rate could support a doubling rate

of considerably less than one day. In nature the food supply

“is patchy. BAn intense localisation of food organisms might

PN

give rise to particularly favourable conditions for a burst
&f protozoan growth, which in turn would use up the food sup-
ply quickly. Blackbourn (1974) concluded that large species

such as Tintinnopsis subacuta eat at a sufficient rate and are

numerous enough at times to decimate the nanoplanktfon in a

/
day's time and induce a population crash. Predation by zoo-
plankton would accentuate the decline. 'zn general the popula-~

tion crashes observed in nature seem more unde;gtandable than

' o
o

n

the very rapid increases.
#
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. Vertical movement and swarming. The tendency for

- speciLes to swarm at particular depths has been noted. The

position in the vertical column may be variable. Vitiello

ab

(1964) stressed currents, insolation and cloud cover as
by ﬂ.‘\

PR

agents causing the appéaran%e and disappearance of tintin-~
nids in surface waters. Digl vertical &igraﬁiun has been
noted in the NWA and will be still more:obvious in a later
discussion of the Scotiea Shelf. In an ordinary sampling
scheme, variability due to these movements cannot be distin-
guishgd accurately from changes in overall population size
and may hav; beeﬁ responsible for some of the apparent in-
creases and decreases.

3. Relations wath physical varlablgﬁ. Gold (1973b) sug-
gested that salinity may affect species-domlnance but his
experiments invovled salinity differences of 13 O/oo. Such
salinity differences do not occur ;n the NWA, even in the

. .
surface waters, nor go such changes occur in the open ocean.

Vitiello (1964) also gejected salinity as a controlling fac-
it %

o
'

tor in the opén ocean.

LN

The possible effect of temperature on the abundance of

tintinnids has already been mentioned. Another possible in-

. fluehce may be the tides or seiches in the NWA. An attempt

to study tide and seiche influence was made on 15 July 1975.

43

3
(RR walkad

Samples were taken every half hour from 0530-until 2030 (every

10 minutes from 1300 until 1700), settled and counted. The
e

L
seiche has a period of about 30 minutes and has no effect on

~
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either Helicostomella subulata or Tintinnapsis parvula. Nor
did the daily tide (low tide: 0900; high tid;: 1500)‘appear

to have an effect (Fig.313). However, these data indicate a
rise to the surface (especially T. parvula) at dawn and dusk
but since I made daily collections only dufing daytime 1ow’tide,
this efféct on my results would be minimal (except that the ‘
daily samples prcbhably represent minimum abundances since

they were all taken from the surface). Indeed, a plot of

time of sampling vs. abundance of Helicostomella (Appendix A,

Fig. 18) shows no correlation. On the other hand, a plot of

daily tidal range vs. Helicostomella in the same figure appears

"
to show that abundance maxima occur about one week before the
period of the major maximum tidal range. This relationship

might be fortuitous and indeed is only marginally valid sta-

tistically. But consider the following: The spring tidal

cycle has a period of about 28 days. Fourier analysas shows

(Figs. 14 and 15) that: (a) Helicostomella abundance exhibits

a cycle of about 30 days; (b) Cyclotrichium, a cycle of about

27 days; (c) 8. calkinsi, about 30 days; (d) S. robilﬁs,
! .

about 30 days.
The implications of these results ar€é problematical.
There is some evidence to support the idea that tides can
provide a physi%al foreing mechanism which tends to create
plankton patchiness, but probably not in the context of the
low frequencies which appear to be important here. If tidal
variations significantly affect exchange rates with ‘the open

sea there could be a pulsating rate of nutrient supply which
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Figure 13. Effect of daily tidal range on the abundance

of Tintinnopsis parvula and Helicostomella subulata:

15 July 1975

-

X
Figure l4a. Fourier analysis of log abundange of Heli~

costomella subulata: 15 June - 12 October 1975 (120 days)

R |
A
-

Figure 14b. 'Fouﬁﬂeﬁ analysis of log abundance of Cyclo-

trichium meunieri: 23 May - 10 August 1975 (80 days)

¢

Figure l5a. Fourier analysig of log abundance of Strom-

‘bidium calkinsi: 13 April - 10 August 1975 (120 days)

¥

Figure 15b. Fourier analysis of log abundance of Strom-

-

3

bidium strobilus: 12 May - 9 August 1975 (90 days)

¢ wliieut A e *
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¢ ,similar peaks to the temperatuve analysis-during the same
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L
3

could carrxy over into secondary productivity, but this is
completely speculatory.

Some of the other species exhibit cycles as well. Four-

2]

" ier analysis for T. parvula during 1 June-9 Aﬁé 1975 exhibits

Y

period at 10 and 14 days (Fig. 16). Euplotes exhibits"9 and

20 day cycles; Strombiéium sp., 40 days; S. conicum, 25 days;

S. sulcatum, 42 days.  These results are even more inexplica-
ble. The discussion is getting into a neﬁ realm of biological
oceanography that has been inadequately explored and is ill ° .
unéerstood. With éﬁe gradual development of methods for con-
tinuous underway sampling (ﬁ}uorometars, zooplankton counters)
we are beginning to acquire descriptive information about
plénkton patchiness in general. However, the interpfetétion
of the results in relation to physical an@'biological caugative
factors is still in a for&atiy? state. The difficulties pf

7o

detailed studies of tintinnid, distribution are insurmountable
at present, and the ﬂ’kreserlgrt discussion f:an do no more than
point out problems for fuﬁure study.

ﬁ ,
SUMMARY *’f‘( .

% JEN ! 7
Tintinnids and other |protozoa in the NWA ogcur primarily
in late summer and early ﬁall, during which time they and

the ﬁanoplankton on which khey probably"fged are practically

the only microplankton in fthe wa?éi column. The animals’

L

presence is marked by huge|variations in abundance over short

periods of time (less thanjone day) and one species may re-

l

- e bt r

ol
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Figure l6a. Fourier analysis of log abundance

»

of Taintinnopsis parvula: 1 June - 9 August 1975

(70 days) . .

Y
-

Figure 16b. Fourier analysis of NWA surface - .

4
3] v

temperature:

1 June - 9 August 1975 (70 days)
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place another with great rapadity (less than one week). The
control of tintinnid populations is most probably food sup ly
modified by complex interactions with grazers, temperature,

\

\ 13
reproductive rates and perhaps even weather and the tides.

i
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3. PROTQZOAN ABUNDANCE AND DISTRIBUTION ON THE SCOTIAN SHELF

INTRODUCTION

»

Dalhousie University Department of Oceanography is active-
ly working on a transect of seven stations lying perpendicu-
larly to the Atlantic coast of Nova Scotia directly off Halifax
(Fig. 17). The main interest of this investigation centers
on primary production and the nutrient cycle in this area.

It has long been known that zooplankton e;Lretion con~
tributes to the nutrient requirements of the phytoplankton.
Fournier and hig colleagues (personal communication) have
determined the ZXQ;etion rates of the Scotian Shelf macrozoo-
plankton. However, nothing is known of the contribution of
protozoa to the nutrient pool in offshore waters. In fact,
little is known of the protozoa in this area at all. Wright,.
(1907) presented a taxonomic description of the protozoa and
other plankton in the Strait of Canso and Gaarder (1946) pub-
lished taxonomic data for the Newfoundland Banks. There are
also some early papers dealing semi-quantitatively with the
protozoa and other plankton in the Gulf of Maine and in the
Bay of Fundy (Bidelow 1924, Bigelow, Lillick and Sears 1940,

A

Gran 1933, Gran and Braarud 1935).

1

Before any attempt at the determination of the contribu-

tion of the protozoa to the nutrient cycle of the Scotian
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Shelf can be pursued, it is necessary to dectermine the distri-
bution and abundance of this group bf microorganisms in that
area. The need for this information prompted the present study

of the Scotian Shelf protozoa.

METHODS ! :

i

¥

Collections were made during four cruises along the Sco-
tian Shelf (SS) transect., Figure 17 shows the locations of
the seven stations. Table 4 lists station latitudes, longi-
tpdeswand water depths. The cruises took place during the

following periods:

85 I: 29 May - 3 June 1974
SS II: 4 - 8 Noveéember 1974
SSIII: 4 - 6 March 1975 ’
SS IV: 25 -~ 29 August 1975
500~-ml samples were collection using 12-~1 Niskinmbottles
(and preserved with 1% basic Lugol's) from various depths
(usually 0, 10, 25, 50 and 75 m, and sometimes from 100, 150,
200 and 250'm). For the enumeration of the protozoa, 400 ml
of the preserved sea water sample were settled out and counts

were made at 200x using a WildiM-40 microscope.

RESULTS '

Eighty species of protozoa were identified from the four
Scotian Shelf cruise samples, 65 of wﬁlch were ciliates; 4§
being tintinnids and 8 being strombidia. Eight radiolarian
species were found. Table 5 lists all species‘identifiéd as

well as their stations of occurrence. Table € also lists the

4
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Table 4. Scotian Shelf transect station locations.
STAT LON L&T CTUDE (N) LONGITUDE (W) DEPT:: {m)
\
1 44°24 §3°28" 75
2 44°16" 63°19°" 150
3 43%53" 629531 280
4 43%29°" 62°27" 80
5 4311 62°%06" 100
6 42°51" 62°44" 1000
7 42%32" 7 61%24! 2500 -

.
~—

species along‘with their mohtﬁs of occurrence. Table 7 pre—
sents some general statistics of the four cruiéés. Appendix
C, Table 1 lasts the species along with information concern-
ing their maximum abundances during each of the four cruiséé.
Appendix C, Tables 2, 3 and 4 summarize the total number of °
protozoa/l, the total number of species found and the speciés
divefsity indices, respectively, for each station and depth N
during each of the cruises. Appendix C, Tables 5 and 6 aver;t
age the above data for the top 50 m of the water column and‘
for the 50 - 250 m 1ayé; respectively.'

As was the case for the North West Arm (NWA), protozoa
were most abundaﬁf during summer (August) and fall (November).
Tintinnids were particularly scarce during March and June
(except at the outer two stations during June), which wa?/also

true of the NWA. The strombidia, on the other hand, were

- f
comparatively abundant at all stations and times although they

- L4
> s

»
(1)

o
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Table 5.

+

stations of occcurrence

Scotian Shelf protozoa and their

SPECIES

- »

STATION NUMBER

3

4

5

6

Phylum PROTOZOA

Subphylum PLASMODROMA

Class SARCODINA

Subclass RHIZOPODA

Ordexr TESTACIDA
Difflugia oblonga
Euglypha loevis

Order FORAMINIFERIDA
"Candeina nitida
Globigerina bulloides

Subclass ACTINOPODA

Order RADIOLARIDA
Astrosphaera hexagonalis
Coelacantha dogiella
Coelodenorum furcatissima
Lithomelissa setosa
Phormacantha hystrix .
Sticholonche zanclea
Triplagia primordialis
Xiphosphaera vesta

Subphylum CILIOPHORA

,Class CILIATA

Subclass HOLOTRICHIDA

Order BYMNOSTOMATIDA
Cyclotrichium meunieri
Didainium nasutum
Lacrymaria alor
Mesodinium pulex
Mesodinium rubrum
Tiarina fusus

Order HYMENOSTOMATIDA
Frontonia marina

Subclass SPIRQTRICHA

Order OLIGOTRICHIDA
Strombidium sp.
Strombidium acuminatum
Strombidium cornucopiae
Strombidium conicum
Strombidium ovale
Strombidium strobilus
Strombidium sulcatum
Strombidium typicum
Tontonia gracillima

Order TINTINNIDA

XN R ® n NN

»

» MMM K X

b

XERMKKX

® R

MH KN MKK

MOoW X MNMH K

L3

HHHNXN

LR ]

b

LR R ] "

b

b

MK WONKX KM

HHNRKX

® N W oW WM

KRN MNN

WX

» XHK KK

MM HK KM
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Table 5.

{continued)

58

SPECIES

STATION NUMBER

3

4

5

6

~1

Acanthostomella ‘conicoides L
Acanthostomella norvegica
Amphorella gaarderae

Amphorella guadrilineata X
Ascampbella urceclata

Climacocylis scalaroides

Codonella acuta X
Codonellopsis contracta

Dadayiella bulbosa

Dictyocysta elegans

Dictyocysta reticulata

Dictyocysta speciasa

. Epiplocylis acuminata

Eutintinnus fraknoi

Favella franciscana
Helicostomella subulata
Metacylis corbula

Parafavella edentata
Parafavella gigantea
Parafavella payumdentata
Parundella grandis

Parundella major

Parundella minor

Parundella subcaudata

Poroecus curtis .
Proplectella globosa X
Proplectella parva ‘

Mo KM

- Proplectella perpusilla
‘Proplectella subacuta =

Proplectella subcaudata
Proplectella tumida X
Protorhabdonella curta

Ptychocylis drygalskad X
Ptychocylis minor

Salpingella accuminata

Salpingella curta

Salpingella gracilis

Stenosemella ventricosa X
Tintinnopsis eylindraca
Tintinnopsis lata
Tintinnopsis parvula
Tintinnopsis pistilum
Tintinnopsis sacculus X
Tintinnopsis strigosa

]

L

WM

X
X

HoK K

"W

X
X

HHE KX Hx

XWX

W H

HHRHX M

b

MU KN MUK KHHEHUNH

E

E

x

HUENNMK MMM

MM X MNMXXMN
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Table 5. {continued)

SPECIES STATION NUMBER
’ 3 4 5 6 17

=
N

Tintinnopsis undella
Tintinnus tubulosus
Undella columbiana
Undellopsis pacifica X
Order HYPOTRICHIDA
Euplotes sexcostatus X
Class SUCTORIA
Order SUCTORIDA
Trichophyra columbiae ’ x

X

L

X
X
X

L]
LS
R KN
MoK

%

too reached their peak abundance durlng August and decllned
greatly durlng November. It should be noted that nelther the
tintinnjds ncr’the strombidia on the Scotlan Shelf attained
the great abundances that were found in the NWA.

Figures 18 and 19 are histograms presenting the percen-

tage of the total protozoa comprlslng tintinnids and strom-

s ¢ T‘

bidia, respectively, in all samples from the qu{;an Shelf.
Tintinnids commonly comprised less than 50% (93% of the time,

.in fact) of the total protozoa while the strombidia commonly

. compriséd more than 50% (80% of the time). Margalef (1963)

found much the same pattern among the protozoa of the Mediter~-

o mb

ranean Sea; 1L.e., more than' 90% of the ciliates there were

oligotrichs while only about 5%.were tintinnids. The pattern
was repeated for tintinnids in Lhe NWA asbwell;Wi.e., they
comprised 10% or less of the total prptozq;n population 52%
of the time. On the other hand, the strombidia comprised

®

less than 50% of the total protozoa of the NWA 55% of the time
\
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Table 6. Efcotian Shelf protozoa and their

months of occurrence

6

0

SPECIES

MARCH
(S8111)

JUNE AUGUST NOVEMBER

(ss1)

(ss1V)

{ssII)

Difflugia oblonga
Duglypha loevis
Candeina nitida
Globigerina bulloides
Astrosphaera hexagonalis
Coelacantha dogiella
Coelodenorum furcatissima
Lithomelissa setosa
Phormacantha hystrix
Sticholonche zanclea
Triplagia primordialis
Xiphosphaera vesta
Cyclotrichium meunieri
Didinium nasutum
Lacrymaria alox
Mesodinium pulex
Mesodinium rubrum
Tiarina fusus ‘
Frontonia marina
Strombidium sp.
Strombidium acuminatum
Strombidium cornucopiae
Strombidium conicum
Strombidium ovale
Strombidium strobilus
Strombidium sulcatum
Strombidium typicum
Tontonia gracillima
Acanthostomella conicoides
Acanthostomella norvegica
Amphorella gaarderae
Amphorella guadrilineata
Ascampbella urceoclata
Climacocylis scalaroides
Codonella acuta
Codonellopsis contracta
Dadayiella bulbosa
Dictyocysta elegans
Dictyocysta reticulata
Dictyocysta speciosa
Epaiplocylis acuminata
Eutintinnus fraknoi
Favella franciscana
Helicostomella subulata

& n

E

WRNMN KKHEK

b

®

MEUHNK MK

"

E

X
X

HUUMNKRNARUERNK HUHRMNK MEXNX X E ]
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]
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Table 6.

g -61

{continued)

SPECIES

MARCI JUNE AUGUST NOVIMBER
(SSIII) (SSI) (SsIv) (SSIT) o

S—

Metacylis corbula
Parafavella edentata
Parafavella gigantea
Parafavella parumdentata
Parundella grandis
Parundella major
Parundella minor
Parundella subcaudata--
Poroecus curtis
Proplectella globosa
Proplectella parva
Proplectella Perpusilla
Proplectella subacuta,
Proplectella subcaudata
Proplectella tumida
Protorhabdonella curta
Ptychocylis drygalskii
Ptychocylis mainor
Salpingella accuminata
Salpingella curta
Salpingella gracilis
Stenosemella ventricosa
Tintinnopsis cylindrica
Tintinnopsis lata
Tintinnopsis parvula
Tintinnopsis pistilum p
Tintinnopsis sacculus
Tintinnopsis strigosa
Tintinnopsis undella
Tintinnus tubulosus
Undella cqQlumbiana
Undellopsis pacifica
Euplotes sexcostatus
Tricophyra columbiae .

X x
b4 , X
4 x /W x
x b4 X
b 4
X b4 x
X
X
X
X
X
b4
X b4
T, x
(% x
b < X X X
x x X
X
x
% -
X
’ X
x
& X
r x i
%~
¢ X x
X
X x
b4 X X
b4 x
X
x .
X

and more than 50% of the total 45% of the time. The reduced

proportion of the strombidia in the NWA was due ain part to

%

the occasional high abupdance of Cyclotrichium meunieri there.

This latter species 1s rather uncommon on the Scotian Shelf.

o,

These data emphasize the need for further knowledge of the
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Table 7. General\fﬁmmary of the¢ data
‘ MAR~SSIIL JUNE~3S1 AUG~851LV NOV-S3IIL
# sTZ{n) # ST Z(m) # ST Z(m) # ST Z(m)
Total # sanmples 43 47 50 47
# protozoan species 31 34 495 45 ‘
# tintinnid species 14 22 25 18
Max. # protozoa/l 15034 0 34902 0 16527 5 30 5335 7 1
1503 6 10
Min. # protozoa/l 65 3 100 33 0 92 7 250, 18 3 200
Max,. # species 002 o0 14 7 2.5 22 7 3.5 32 0
lo2 10 14 7 200 133 0
102 25
, 163 0
107 0 -
Min. # species 2 6 200 2 2 100 5 3 150 13 200
23 0 5 3 250 ’
. 5 7 250
Max. species diversity 2.01L 3 23 2.42 7 200 2.28 7 3.5 2.281 50
Min. specles diversity 0.69 6 200 0.39 3 42 1.04 3 25 0.00 3 200
Max. # tintinnids/l 676 10 1039 7 50 40541 0 1288 3 O
67 6 25 !
-
o 67 6 50
Min. # tintinnids/l 02 75 ~ 01 12 0 3 250 0 3 200
0°2 100 0 2 ¢ 0 7 200 04 50
. 04 10 02 25 04 75
) 05 44 02 75 05 10
. 0 6 200 0 2 100
07 19 03 ©
03 75
) ¢) Q3 23 -
04 0
N 04 24
Y, 04 70 )
: 05 0- i
’ 05 21
Max. # strombidia/l 12894 O 31322 0 15144 5 30 3777 4 0O
12886 O
1289 6 10
Min. # strombidira/l 136 200 "~ 186 75 26 7 250 ' 0 3 150
18 6 100
Max. % tintinnids 36 6 150 75 6 100 261 0 100 3 150
Min., % tintannids 0 0 0 0
Max. % strombidia 92 6 50 100-2 100 94 1 25 160 3 200
) 100 4 75
Min. % strombidia 51 50 " 13 6 100 28 7 250 0 3 150
04 50

v

N
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. distribution, abundance and role of strombidia in marine

o
»

waters.

Both tintinnids and strombidia were more abundant in

64

the top 50 m of the water column than in the 50 - 250 m layer.

However, ‘the tintinnids generally comprised a greater propor-—

tion of the total protozoa“in deeper water than in the surface

%

layer. The proportion of strombidia was slightly lower in

<
deeper water.

During the March cruise at Stations 2, 3 and 5 and dur-

F 3

ing November at Station 3 hydrocasts were made around midnight

3

.and noon. At Stations 2 and 3 in March there were substan-

-

4 -~ h
tially more protozoa at the surface at night than during the

day. Table .8 lists these diurnal differences in protozban

abundance. The differences were due primarily to the number

+

J

-

g Table 8. Diurnal variation in protozoa abundance
A in surface water ’
’ ‘ NOON MIDNIGHT
-  STATION 2
Totgk pumber of protozoa .+ 698 3490
Number ,of Strombidium conicum 125 1396
. Number of Strombidrum sulcatum 72 1002
Number of Strorbidium sp. . 179 591
STATION 3 . ’
Total number of protozoa ‘ 36 1505
Number of Strombidium conicum 0 . 304
Number of Strombidium sulcatum . 0 333“
: 18

Number of Strombid%um sp.

[ . z

[4

\§¥ strpmbldia at the surface. There seemed to be no difference

‘i."b

o ¢

in the tintinnid poPEiation but tintinnids were not very abun-

-

dant during March. On the other hand, at Station 5 during

Y
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March and at Station 3 during November there was little dif-

1 4
e

ference between day and night samples either among the tin-

b

tinnids, the strombidia or total protozoa. In the previous

section I pointed out that Helicostomella subulata and Tintin-

nopsis parvula appeared to undergo diurnal vertical migration

in the NWA. Zaika and Ostrovskaya (1972) reported vertical
migration for four unnamed- tintinnids and two strombidia in

the Mediterranean Sea. Vitiello (1964) also reported verti~-

cal migration of up to 50 m for tintinnids in the Bay of Al~-

o

giers. Zaika and Ostrovskaya (1972) pointed out, however|,
that protozoan vertical mlgratlon may occur only over shol

distances so that such migration on the Scotian Shelf ngAt
have been masked by the relatively large vertical dlstance¥

. w
separating the samples at Station 5 in March and Station 3\én
Y

November. \
That large differences in abundancé can occur over shoﬁt

depth intervals is revealed in Table 9.which presents data

from the August cruise. Again, most of the variability is

due to strombidia with minor wvariataons in tintinnids.

5o
Y

Table 9. Total protézoan abundance variation with depth

STATION 3 STATION 5 STATION 7a STATION 7b
Z{m) #p/1 Z(m) #p/l Z(m) #p/l Z(m) #p/l
0 6403 0 8927 0 2806 . 0 5659 by
2.2 5718 4.5 7933 3.5 3127 - 4.5 4548 4
5 4590 10.5 10671 8 2416 10.5 3167 X
7.5 4818 15 10054 1l 1918 15 * 1247
11.4 6599 23 7721 17 912 23 2279
15 2672 30 16527 22.5 880 30 10994
23 1303 50 1867 50 10124 .

50 577 75 588 15 347

B

=

i B~ i
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Tn addition to variability in space there is also a great!
deal of variability in time. The samples from Station 7a and
7b above were collected a few hours before midnight on August
27 and 28 respectavely.c The 10,000+/1 patch rose from 50 to

30 m and there were about twice as many protozoa on the 28th

as on the 27th. A similar distribution was found at Station

4 during November (samgle§ collected at midnight): N,
p Depth (m) . Total number of protozoa/l
« 5 November 6 November
0 ‘ 2183 4673
10 ‘ 1470 2292
25 860 717
> 50 - 81 460

®

. oy
igain, the population seemed to have doubled within a 24-hour

period. .
|
Station 3 during November was particularly interesting:

Depth (m) Total number of protozoa/l
4 Nov(1915hrs) 7 Nov(ll45hrs) 8 Nov(0040hrs)
0 ’ 3760 1290 1075
10 1504 L 735 715
25 2310 860 216

50 - 949 287 162

The shapes of the November 4th:and 7th abundance curves are
the same (Fig. 23) aithough there Weré about three times as
many protozeca on the 7th.. Although the abundance of protozoa
on November 7th and 8th were §imilar, the shapes of the dis-

tribution curves were guite different.

DISCUSSION

It is clear that tintinnids were more common inshore than

offshore. The relatively greater number of tintinnids (and

© Fedw B
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o '
indeed of other protozoa) at Stations 6 and 7 during June is

a bit puzzling but a glance at the temperature structurc at
these stations (Figs. 20-23) makes it clear that this area |
was under the influence of a distinctly different water type
and this may account for the large number of tintannids.

Figures 20:5359how graphs of total number of protozoa
(in red) superimposedjon bathythermograph traces. There is
no consistent trend in the abundance;temperature relation~-
ship. The only immediately obvious feature of these graphs
isfchat maximum abundance occurﬁed in the top 50 m. It is
also obvious that both surface and subsurface maxima may oc-
cur, again with no consistent trend relative,to station or
time. K

The observed variabality in time and pe;haps space may
be explained by assuming that reproduction had occurreé.during
the time between samples; and, indeed, a doubling time of one
day is not unreasonable for strombidia and other protozoa.
Still, such variability in time and space make the inadequacy
of the sampling programme in both dimensions painfully obvious.
On %he other hand, the variabiligy with time does not seem to
be as severe as that encountered/ in the NWA proéozoan popula~
tions.

Although a total of 80 proﬁczoan species were identified
on the Scotian Shelf there were never more than about half
this number present during any;one cruise (Table 7). More

- !
species were found in August and November than in March and

1

~a

o
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types, thereby incrfeasing nutrient supply and increasing pri-
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June. Only about half of th? tintinnid species (one~third in
March) were present at any one time. This situation parallels
that found in the NWA. .Generally there were more species to
be found at the offshore stations (5-7) than at the inshore
stations., Never more than about 25% (and usually less than
15%) of the total number of species were found at any one
station.

The numﬁer of sp;cies ﬁer station was greatest during
August when total protozoan ab&hdance was highest. Howgver,
the sPecies‘diversity as calculated usigg the Sgannon—wiener
formula ;a§ highest during November. This was due to the
dominance of a very few species (primarily the strombidia)
zuring August. iﬁ November éhe abundance was more evenly dis-
tributed among the”spgcies and the number of species waé rel-
atively high. This situation parallels that found in the NWA

&
where high abundance was often inversely correlated with diver-

t

sity -due to the dominance in the community of one or two pro-
tozoap/ﬁpqpies. ' .

Generally, the greatest number of species as well as the’
highest diversity indices (and sometimes the greatest abun-

dance) were to be found at the outermost stations (5-7). The
: 0

. increase in quantities offshore may be a result of favourable

conditions produced by oceanic "fronts" (rather than typical

coastal upwelling); i.e., the meeting of two different water

@ K

i

mary production; or even perhaps advecting in an entire
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protozoan community. -The physical conditions in this area ’
are not well understood and certainly deserve further study. !
One of the more striking features of the data is the num- :
ber of ephemeral species; i.e., species which are present
only during a single cruise. These species are listed below
along With the "omnipresent" species; i.e., those found dur- .
3 %
ing all four cruises. '
, ' \ ° )
SPECIES FOUND ONLY IN MARCH SPECIES FOUND ONLY IN JUNE .
| « - (SSIIT) (85T) .
Poroecus curtis (T) ° Candeina nitida !
Ptychoeylis minoxr (T) , Ascampbella urceolata (T)
Tintinnopsis parvula (T) Dictyocysta speciosa (T). v
Euplotes sexcostatus Favella franciscana (T)

|- Parundella minor (T)
‘ Proplectella parva (T)
o Salpingella accuminata (T)
| Salpingella curta (T) .
e ‘Undellopsis pacifica (T)

SPECIES FOUND ONLY IN AUGUST SPECIES FOUND ONLY IN NOVEMBER

(ss1V) (SS1I)
Xiphosphaera vesta (R) Coelancantha doglella (R) !
Amphorella gaarderae (T) Coelodenorum furcatissima (R) .
Clymacocylis scalaroides (T) Phormacantha hystrix (R), ,
Dadayiella bulbosa (T) - Lacrymaria olor
Dictyocysta reticulata (T) Strombidium cornucopiae
Epiploeylis- acuminata (T) Codonella acuta (T)
Eutintinnus fraknoi (T) Dictyocysta elegans (T) R
Parundella grandis (T) Proplectella perpusilla (T)
Parundella subcaudata (T) Tintinnopsis pistilum (T)
Proplectella globosa (T) Tintinnopsis, strigosa (T)

Proplectella subcaudata (T)
Salpingella gracilis (T) .
Stenosemella ventricosa (T) .
Stenostrupiella steenstrupi (T) '

Tintinnopsis cylindrica (T)

Tricophrya columbiae . . . .

SPECIES FOUND DURING ALL FOUR CRUISES’

Lithoemlissa setosa (R} ° Acanthestomella norvegica (T)
Sticholonche zanclea (R) Amphorella guadrilineata (T)
Cyclotrichium meunieri " Protorhabdonella curta (T)
Tontonia gracillima . " Strombidium sp. .

-




Tt

P

R e

e s AEE

2

74

Strombidium acuminata iit:rombid ium ovale
Strombidium calkinsi rombidium’ strobilus
Strombidium conicum Strombidium sulcatum

0

T = tintinnid R = radiolarian

3
/

Almost half (39) of the total number of species can be

v
[y

classified as ephemeral whereas only 20% (14) are omnipresent.
Of the latter group, half (7) are strombidia and only three
are tintinnids. Although the sampling frequency is quite
inadequate to draw.ény firm conclusions it should be pointed
out that tintinnidﬂspecies in the NWA appear and disappear
very rapidly, some species being present only fot a few days.
Many radiolarians also exhibited this limited presence (most
‘being present only in November) .

The transience of species seems to be' particularly well-

marked' for the tintinnid genus Dictyocysta. D. speciosg is

-

found in June followed by D. reticulata in August followed
by D. elegans in November. On the other hand, these species
are somewhat similar and it is quite possible that they are

merely phenotypes of the same species. Burkovsky (1973) has

- presented convincing arguments that eleven different species

of Parafavella found in the White Sea at different' times of the

year are, in fact, phenotypes of P. denticulata. Proplectella

species also seem to exhibig successionlas follows: P. sub-
acuta and P. tumida (March); P. parva and P. subacuta (June);
P. globosa and P. subcaudata (Atigust); P. pergusillg and P.
tumida (November). Although two species are preSent at the

same time, they tend to ocLupy different depths, as do the

P
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co-occurring species of Acanthostomella, A. norvegica being

found consistently irf deeper water than A. conicoides.

The ephemeral species also tend to g;c;omewgét restricted
in their“horizontal distribution while the omnipresent species
also tend to be cosmopolitan. Many of the tintinnids ére,«
restricted to the outer stations except for ;hose species\

=g
belonging to the genus Tintinnopsis. Members of this genus

with arenaceous or agglomerated loricae are in-fact typicaliy
found inshore.- Most of the NWA tintinnids belong to this
group while the Scotian Shelf tintinnids exhibit a much gre;t~
er proportion of species with hyaline or sculptured loricae.
Gold and Morales (1976) have recently pointed out that such
arenaceous and agglomerated forms are to be expected in »
shallow{%ater inshore areas where more of the particles which
they cement onto their loricae are available.

|
It is interesting to note that Codonella acuta was only

presePt in November when coccolithophorids comprised ‘a large
propo&tion of the phytoplankton. Species of Codonella are
charaéterized by their tendency to cement coccoliths onto
theig loricae. 'On the other hand, i1t 1s somewhat puzzling

as to why more of these coccolith-cementing species were not

found at this time.

As in the NWA, the sulmer nanoplankton-protozoan dominance”

in the water column was evident on the Scotian Shelf during
August. At this time there were very few macrozooplankton

(Bohrer, personal communication), again paralleling the sit-

\\‘

uation in the NWa. In\March the phytoplankton was overwhelmingly

|
v

.

R

& -
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\

dominated by large chain—ﬁorming diatoms (Chaetoceros and

Thalagsios'ra), with few nanoplankters evident--and few

protozoa. This situation is also found in.the NWA in early
spraing. This information emphasizes the importance of a
suitable food source in controlling the abundance of micro-

zooplankton.

Y

Most of the species found imw;the NWA are also found on

\
the Scotian Shelf, although in ﬁq@h smaller abundance on the

Shelf. It is difficult to comparg these results with those

»

-3 .
of earlier research efforts, due in part ggyzﬁﬁnggé in taxon-

-omic policy and in part to differences in collecting methods.

Bigelow, Lillick and Sears '(1940) found maximum nurbers
of protozoa in June-~July and qptéd a three-week-lony March
peak of strombidia, in the Gulf of Maine. Bigelow /(1924), Gran

\

{(1933) aid Gaarder (1946) reported the dominance/of Parafavella,

Ptychocylis and Acanthostomella among the tintinnids of the
N
Gulf of M%ine and the Newfoundland banks. My values for Acan-

thostomelia abundance are rather higher than they| reported

but my va}ues for the other two genera are much lgwer, perhaps:

0

a result of time of sampling.

Bragrud (1935) reported a concentration of 2900 Helicos-

]

\\ tomella subulata/l outside the Bay of Fundy but/this species
\

\is very rare on the Scotian Shelf (although it/#s the most

ébundant species in the NWA). Prakash (1963) reported large
gﬁmbers f Favella in the Bay of Fundy during summer (enough
Féyella, in‘fact, to control Gonyaulax blooms), but this spe-

» ; i}
cies was only found once (1n June) on the Scotian Shelf and

\ i
I

§ -
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never in the NWA, which may indicate a rather limited distri-
bution of some genera. n geqeral I found the same genera
and often the‘sama?éﬁegies of tintinnids and strombidia on
the Scotian Shelf éé havé Eeen reported by earlier workers

®

investigating near-by areas.

SUMMARY

&

Although samples from only four cruises to the Scotian

Shelf were examined it seems that the protozoan community there

exhibits many of the trends evident in the investigations of

>

N&A protozoa. Protozoa are most abundantﬂduning suﬁ%er and
fall when the phytoplankton is dominated by nanoplankton and
macroplankton abundance is low. Mény of the species (especi~-
ally the tintinnids) are trénsient, appearing and disappear-
ing very quickly. There is a large number of tintinnid species
to be found but they are rarely very abundant whereas the
strombidia are abundant, omnipresent and cosmopolitan. Abun-
dance of protozoa is correlated with the type and abundance

of food available to them, and their gigfribution may be mod- .

ified by water mass boundaries. //////
N

AN

P

-
e



q;z‘f'\-

P

-

-
*

A 4. TINTINNIDS AND OTHER PROTOZOA IN NAIN \ '
~ BAY, LABRADOR DURING OCTOBER, 1973,

INTRODUCT ION

o

The future of Canadian oceanography 1is expected to con-
centrate more and more dd the Arctic and other northern waters
yvet these waters are relatxvely unexplored and little base-

line 1nformatlon 1s avallahle to judge the impact of civili

“

zation, on, and increasing utilaization of these areas. AS

wpart of thelr training programme the Department of Oceanography

A

at DalhouSLe Unlver51ty organised a cruise to Nain Bay, "Labra-

¥

dor aboard CSS Hudson during 'he perlod 15-30 October 1973.

Nain Bay is a Canadian fjord located ‘at 56°30'N. It is.

35 4 km 1n lengﬁh l 6 km in ,width (average) with a 11m1t1ng

-4

sill depth of 20 m. ' The main basin depth is 120 m. Nutt

|
ﬁé19633 presented hydrographic data .e.,’ temperature and

sallnlty) for*Nalnupay. He stated.%hat the bay is covered

ey e ST

with ice 5n7 months of the year and that the basin water is

1
contmnuously renewed via turbulent mixing duxlng winter and

L i
summer; hence it 1S never anoxic. "

& > -

LS

At the time, nothing was known off the éheq}cal and bio~-
logical characteristics .of Nain Bay and the cruise was' designed

to investigate these parameters.
.tion of the micrq$gZp

[N

The following is a descrip-

lankton within Nain Bay'and at a few '

»

78
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oceanic stations taken on the way to the bay
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METHODS
]
5 . Stations occupied on the way to Nain Bay included the

follow: ag:

1. 43957, 62912'W (about 110 km east of Hali
15 Qeot, 1630 hrs.

3. 48°21'N, 63932'W (Cabot Strait), 17 oct,,. k3
8 D

4. 52°30'N, 54°33'W (east of Belle Island),
1300 hrs.
5. Off Port Williams, Nain Bay, 19 Oct, 1500 hrs. .-
. § 6. 56°45'H, 59°05'W (shelf break, waﬁer depth: 182 m),
,27 Oct, 1330 hrs, .

N27. 56° 31'N, 61°W (just outside ﬁhe hpp;gaches to Nain,

water depth: -91 m. This was the base line station

. ’ ,fQI.‘ the an.) ’ 26 oet' 1200 hI'S. ‘4 ) b
. ) Figure 24 shows the locations of the stations within Nain

*Bay itselEf. The stations selected for observations of the pro-

~

tozoa were as follows:

" -
. N20. ~ 24, October, 1330 hrs. -
' N19. 23 October, 1530 hrs. 51 m. . )
N10. 20 October, 1530 hrs. 70 m.
"N7. 21 October, 1600 hrs. 38 m.

Al -

LS

o S}xty 500-ml samples were j}aken from the ten stations
using 12-1 Niskin bottles (and preserved with 1% Champy's +
fixative) from o, 10, 20, 30, 50, 75 and 100 m. 400 ml were

settled out and the protokoa were ldentlfzed and enumerated

" at 200% using a Wild M-4 ; nverted microscope.

~
LI

T
. RESULTS / /
| -
Forty-three species of protozoa were identified from the .

@ ¢ .

10 stations, 40 of which weve ciliates, 26 belng';lntinnids

.
!
.
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and 8 being strombidia. Table 10 lists all the species
idgntlfied as well as their magﬁhum abundance at each sta=-
tion. Table 11 summarizes the enumgr&iiuné and presents *
data on diyersity for each station and™depth sampled. Tahl%
12 }resents some general statistics of the cruise.

‘ Tintinnids were quite scarce at this time of year, p&§~
) ticularly in Nain Bay itself. Highést numbers of t}ntinnids

were fouﬁd at Station 3 (Cabot Strakt) but even here their

~

abundance did not exceed 600/1. Tintinnids were slightly
L more abundant at the northern oceanic stations-in Octgher
than they were at 'the outer Scotian Shelf stations in Novem-

! ber. Most of the tintinnid Species tended to be oceanic,
‘ . particularl§ Acanthostonella ncévegica, Protorhabdonella

% i .

1 ’ curta, Ptychocylis drygalskii and Tintinnus tubulosus. Para-
L

i favella denéiculata, Helicostomella and particularly Tintin-~

nopsis, tended to be moxe common in the bay. Holmes (1956)

listed Acanthgstomella, Parafavella, Ptychocylis and Tintin~

e

, nyss a8 the most abundant tintinnid species at his Labrador
| " tation B, located at 56°30'N, 51%W, at the same lati-
‘Rﬁle but farther east than our Station N27.
V The strombidia, tﬁbugh less abundant than in the North ‘
' West Arm (NWA) at this time of year, were more abundant #han

on the Scotian Shelf in early November. As ip ot@ér l%Fa1i~
( \ ties, the strombidia tended to be rather cosmopolitan ﬁut

| ', tﬁ. ovale, S. conicum, 5% strobilus and.part;cularly;g, sul-

> # . ¥ -
' ) catum vere more abundant at thetpceanlc gtations than inside
bt * ? )

"
o

\ 00
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Table 10. Nain Bay Protozoa and their maximum abundance (#/1)

v

82

SPECIES

o

* STATION NUMHBER
& N27 N20 N19 N1O

4 5

N7

-

Phylum PROTOZOA »

Subphylum PLASMODROMA

Clags SARCODINA

Subeclass RHIZORODE .°

Ordex TESTACIDA gl
Difflugia oblonga - - 18 18
Euglypha loevis - 18

Subeclass ACTINOPODRA

Ordexr RADIQLARIDA
Sticholonche zanclda

Subphylum CILIOPHORA .

Class CILIATA

Subclass HOLOTRI?HIDA

Order GYMNOSTOMATEIDA
Cyclotrichiunt meuniera 18 609
Didinium nasutum 161
Megodinium pulex 179
Tiarina fusus -

Ordexr HYMENOSTOMATIDA .
Frontonia marina 54

Subclass SPIROTRICHA ¢ '

Order OLIGOTRLCHIDA
Strombidium sp. 644. 841
Strombidium acuminatum
Strombidaum calkinsi . 36 16l
Strombhidium conj.cum 18 877
Stirombidium cornucopiae '
Stironbidium ovale 591 841
Strombadium strobilus ) 143
S;rombidium sulcatum 931 6444
*Tontonia gracillima 72 394

' Order TINTINNIDA £

Acanthostomella norvegica 18 18

36 179

Codonellopsis contracta 18y

Epiorella ralomensis

Eutintinnus pacificus
Helicostomella fusiformis
Helicostomella subulata

Metacylis corbula . 54
Parafafella denticulata
Parafavalla parumdentata 465
Parundella lachmanni 18
Parundella lata - /7 RN
Proplectella parva 1
'Proplectella perpusilla '

<«

18 107

609 215

3 18
27

8 36

555 519

18 ¢
179/ 322

322 358
340 18
B35 3204
197 233
107 161

18

8 18

36 36

I3

233 376

734 59

18
197 251

125 36
54 54
501 412
143 233

125 54

18

i8
18
54

18

90

54

143

90

2578 6534 6229 1128

18

¢

ls

125
18

18

1164 1235

90
304

179

430
268

18
i8

36
36

18

90
125

18
179

376
i97

18

o

54
36

54

1074, €08

36
107

125

54
322
286

18

18
72
72

18
18
251
36
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Table 10. (continued)
STATION NUMBERS
SPECIES 1 3 4 5 6 N27 N2 N9 NIO N7
Proplectella tumida 18 18 - 36 36
Protorhabdonella -curta 18 107
Ptychocylis cylindrica 4 < 36 54 18
Ptychoeylis drygalskad 18 36 90 36 54 18 " 18
Salpingella acuminata Lt 36 v
Salpingella curta 18 18
Tintinnopsis lata’ . 8 18 36 18
Tintinropsis parvula N - B ‘ - 36 18
Tintinnopsis sacctlus - © 18 .
¢ fintihnopsis strigosa - 18 1 8 36
PLinktinnopsis waillesi . 36 .
« Tinkinnus tubulosus 18 18

- Undella columbiana 54 - 18 54 :

AN
’ " A

Nain Bay, while Strombidium sp. was slightly more abundarit .
b w

+in the bay. As in the NWA and on the Qcotian Shelf §trombidia
characteristically compriged a)substantial majority of the to-
tal proEqug at the oceanic stations.' In the top QO'm of Star
_ tion 5, for example, they comprised more than 90% of the total
proto;oa and the ab%+ values in the top 10 m of Station '3
were due almost entirely ig the presence of §. suicatum. Both
Holmes'\l956) and Bursa (1961) noted largé abundances of S.

conicum and other -strombidia in the Labrador Sea and the waters

On the other hand, the.prominence of the strqQmbidia in

Nain- Bay' was greatly reduced by the almost total dominance of

¥ . \;‘
the bay by Cyclotrichium meunieri, which exceeded 6000/1 in-
the surface waters of two of the four stations. Bursa (1961)

Y 1listed this species as the most-common organism in the shallow

+
’ ‘o ®
¥

.
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: Table l1L. General summary of the Nain Bay data
. |
‘ STATLON NUMSER
Z (m) 1 3 4 5 6 N27 N20 N19 5 L0 N7
B. Total number of protozoa per liter

0 2481, 4106 2685 1146 1038 3882 | 7842 2381 2025 .
10~ 2041 10919 2311 3974 2095 1774 3312 7876 6999 2024
20 188 3947° 1522 3203 842 1541 3009 |, 2812 2990 842
30 1253 1217 807 1164 2704 434 3364 951
50 341 . 1754 1093 i3e9 771 842 4117 611 3186
75 180 1019 897 1253 752 4388 1809

100 197 162 789 466 2078
B. Number of species .observed ' "

0 9 14 11 ;] 8 14 1 6 8 -
10 9 14 0. 4 12 11, 12 [ 10 - 10 - f10
20 8 14 o= 5 8 13 7 9 9 8
30 8, ' 5 7 g B 1w 11 -12
50 5 12 10 9 8 8 12 5 11
75 5 10 10 .9 7 8 11,

100 5 3 10 3 10 ) .
C. S8pecies diversity indices "

0 1.535 1.914 1.873) 1.815 1.695 1.531/0.889 1,048 1.329
10 1.661 . 1,534 1.935 0,693 1.905 1.896 1.363| 0.726 0.537 1.424
20 1.561 1.744, *1.758 0.632 1.663 1.747 1.284| 1.189 1.247 1.560
30 « 1,56k 1.141 1,361 1 1.371| 0.986 1.310 1.467
50 " 1.239 1.996™ 1.512 2.028 1.592 1.87 1.300 1.028 1.160
75 1.359 1.971 1.528' 1.924 ) 1.616 1.108 1.541 »

100 1.298 0.977 2,265 0.899% 1.423 .
.D. . Number of tintinnmids pex latex ; )
o 143 286 90 1B ' 72 108 0 0 0
10 187~ . 573 108 o 179 162 , 72 0 0 36
} 20. a0 233 125 0 - 36 .108 18 18 18 . 36
30 o N 54 0 18 S0 36 ~ 9 18 108
5Q 0 3 ' 727 161 , 36 108 36 -0 18 '
75 " 18 54 ,126 179 72 54 72
1000 I8 K : B 233 ., 36 " 54
E. Number of strombidia per liter ) T

0 2032‘ 3285 Y 1843 1002 715 1575 1451 1182. 753
io l6ll 9200 1558 3759 1504 1200 - 1342 1145 483 914
20 - 680 2541 - 967 3096 716 1039 1111 82 668 555
30 895 1110 627 , 626 127 1442 . 984 734

- 50 287 , 966 ' 877 €98 681 412 1414 769 1056 #
75 108 447 645 716 | 376 1684 787 s
100 161 54 St 412 430 967 . ’

F. Pegcent of total protozoa comprised of Cyclotrichium meunieri . i
0 0 7 723 8 9 ( 52 78 45 56
10 1 6 24 <5 11 18 56 © 83 69 49
20 g 1a 25 3 4 21, 54 67 63 vis,
S 9 L9 ~"4 <3 a8 7 el 2

L . "
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Table 11. (continued)
2 (m) 1 3 4 p N27 N20 N19 N1O N7
50 0 8 7 14 2 19 57 50 60
75 0 26 10 9 10 59 44 .
100 0 0 2
G. Percent of total protozoa comprised of tintinn§§s -
0 6 7 3 2 7 3 0 0 o
10. 10 5 \s 0 9 9 2 o .0 2
20 11 6 8 0 4 -7 Tl 1 1 4
30- 0 2 8 ‘@9 0 1 1l
50 o 2 7 12« 5 13 0 1
75 10 5 4% 14 10 1, 4
100 9 1L L. 30 8 3
H. ©Percent of total protozoa comprised of strombidia
o} .82 80 89, 87 69 41 19 50 3%
10 - 79 84 67 95 72 68 41 ' 16 7 45
20 B6 64 64 97 85 ., 67 37 29 22 660
30 ' 71 91 78 54 47 27 29 77
50 B4 . 55 .80 51 88 - 49 34 48 33
© 75 60 7 44 72 57 50 38 44
100 82 52 92 - T 47

33

1

¥

(<50 m) waters around Igloolik.

0

very abundant on,,the Scotian Shelf but as in Nain Bay it tended o . i
a \ & .

" \

[

o

LS

-

Cyclotrichium is usually not

“, dominate the protozoan community of the fwa (in even' greater

ﬁqpbers) at this time of‘Fhe year.,

very common at the northern oceanic stations.
e

L

DISCUSSION

t

The reasons for the absence of the tintinnids ah Nain

v

®

’

3

.

4

3

»

Bay prober may be gleaned from a consideration of other data

Cyclotrichium is also not

kindly.supplied to mg by Dr. Robert O. Fournier. Temperature

data reveal that the bay was almost i

4 b

B »

*

sothermal at about 3.5° C

during late October,” and was thus wéll—mlxed.#hThe 1% light. .

level was at about 30 m throughout the bay. Nitrate_values v

I3 * v
> were usually 0.75 uM/l or more; ammonia ‘concentrations generally ,

»

()
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Table 12. General statistices concerning the
Nain Bay data .

4
LY

o A et e oy

- '¥ # STATION # DEPTH (m)
' "Number of samples ’ T 60
» > Number Of protozoan Speﬂles 43
Number of tintinnid species 26 ~
’ Maximum number of protozoa/l 10919 3 10
. Minimum number of protézoa/l \ 162 - 3 100
.Maximum number of species/station 14 3 0,10,20
. . N20 0o .
~ Minimum number of species/station 3~ 6 100
" Maximum species diversity index ° 2.265 5 100
‘Minimum species diversity index 0.537 N10 10
. . * Maximum number of Cyeclotrichium/1 6534 N19 10
, Minimum number of Cyclotr.ichium/l 0 1 0,20,50, .
: C. . , 7 75 100
~ [ . 6 100
Maximum ‘humber of tintinnids/l 573 3 10 u
, Minimum number of tintinnids/l 0 14 50
' . 5 10,20,30
- . N19 0,10,50
. ) . N10 0,10 d
' ! ‘- 4 N7 Q«r‘\/
e S ‘ Maximum nupber-of strombidia/1 ----- 9200 3 10- - -«
ot o *  ‘Minimum number of strombidia/l . 54 °g 100 -~ - .
| Maxaimum per-cent Cyclotrichium =~ % 89: N1o 10 - -
Minimum per cent Cyclotrichium ) .0 : ’ .
Maximum per cent tintinnids - . ' 30 5 100
; Minimum per cent tintinnids R 0 \ )
. R + Maximum per cent strombidia, R 5 20 -
"  Minimum per cent strombidia . v 17 N10, 10
. - . 3 [N . o . .

; exceeded 1 uM/l, the phytoplankton was dominateﬂ by &latoms

-

i ', ranging ain concentratlon from 19 000/1 at Station N7 to 95,008/1L -,
- at ﬁtatton Nlo:thence we may have arr&yed in Nainr toward the
. ., decline of the fall bloom. dﬁnoflagellate concentratlons were '’

t
‘ ' “usually less than 1000/1. However most 1mpo;tant was the

o
‘E

g ‘fact that flagellates {nanoplankters) were very low in numbers,
il.e., less than 4000/1 { As on the Scotian Shelf and ,2in the

NWA there 18 an 1nd1catlon‘hefe that tlntlnnld abuﬁdanCe is

/
- 1

.
r 0 B ! v 3

a > L ¥ 1 { -

" . 3 v .
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. of the oceanic stations was at Station 5'as a result of the

2
) .‘5 N

influenced in part by preggnce of a suitable food source.

-

The reasons for the %ominance of Cyclotrichium in Nain
o \

Bay are not at all clear. Agmwaé.pointed out in a previous
section, 9othing is known of the nutrition of t@ése érganisms v
and food vacuoles have not been observed-+inside them. -Per-
haps their oécasional abundance in bays such as Nain, the.
NWA and Wellington Harbour (Bary and Stuckey 1950) is‘related t
to a'need for a rather o;ganically—rich environment. MacKinnon
(personal communication) reports total ofganic carbon values
of 1,2-1.5 ppm in the surface waters of Nain Bay, values com-
parable to-those fougd in the NWA, ]

Species diversity, éé calculatedﬁusing the SQannon—Weiﬁer
formula,/was greater at the ocean%c-stations than at tﬁe Nain

- e

Bay stdtions, due en%irely to the dpminancé of the:bay proto-—~

zoa\by the single species’of Cyclot¥richiup. ' Lowest diversity

& M * . v
large numbers of Strombidium sulcatum there. The diversities
at the oceanic stations were comparable to those on the Scot n

Shelf in November while the diversities at the Nain Bay sta-
el - i

tions were.comparable to those found in the NWA during late

October, when Cyclotrichium also may dominate the latter and

-

y . s 2 . - " 4
decrease diversity. ® As in other areas, samples which included

the largest numbers of individuals more often’than not exhib-

ited the lowest species diversity indices, a phenomenon noted

¢

by Holmes (1956) among the Labrador Sea protozoa.

” ’ ’

Little can be said of the protozoan coymuniﬁy as a .func~- -

.
tional unit of the food web in northern waters or in Nain Bay

Fu
raﬁ‘.

-
a
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based on the data of a single cruise at a single point an
time. However, what can be said is that this cruise offered

no surprises, no vast deviations from what might have been

@

expected, given the knowledge of which tintannid species tend

]

to be found at northern latitudes; given the.knowledgé"of the
sta'te of affairs at thas tame of year in <the NWA dand on the
Scotian Shelf; given the vagaries of the distribution of

b

strombidia and Cyclotrichium; and given the minimum generali-

ties of the phytoplankton complement to be found in the Bay.
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5. ¢ TINTIHNID\gEEDING

1

INTRODUCTION : |
" 3

Utermohl analysis of water bottle collected samples from

the Nor%% West Arm of Halifax Harbour has produced the follow-"

f“,J R
ing observations:
s 1) Tintinnids are most abundant from June until October

. (Fig. 3).

2) Net phytoplankton are rather scarce during summer (es~
pecially during July and August). ! ’

3) The summer phytoplénkton is dominated bg nanoplankters
(Fig. 3). and nanoplagk%on blooms are guickly ﬁollowed by
tintinnid bursts of growth. ’ %

4) Adult copepods are most abundanﬁlffom June until October

(Appendix A, Fig. 27) witbh 'copepod peaks more|or less corres-

poﬁ?ing to tintinnid peaks but occasionally bping slightly

-

4

lateg. T .

. : p"
The form-of the seasonal cycles suggest Ié?at nanoplankton .

constituted the basic food supply of both ci
and that their feeding activities werﬁg§espo sible for the
termination of the nanoplankton blooms. Thif is analogous to
spraing zooplankton peaks, which commonly folllow the spring
diatom flowering and are believed in some cases to terminate
1t by their grazing activities.
‘ Whether the copepods were alsc obtaining a szgnificantu

w

amount ' of food from tintinnids’ is problematical. The absolute
. £

’
’
-
.
.
s “

htes and copepods

L]
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coincidence of July peaks shows *hat copepod feeding activity
\\ {;‘
was nbﬁ able to prevent a major burst of tintinnid growth.
The slight lags that can be observed in the Miﬁﬁﬂ and Septem-
%
. L I
ber peaks might indicate significant predatroniof might simply

-

be the result of a slower growth cycle in copepods. ‘
The problem of copepods feeding on tintinnids’has not
been studied in the laboratory because of difficulties in
maintaining stable cultures for feeding experiments and be-
cause analyses.of gut contents of preserved animals are un-
satisfactory. Loricate tintinnids are too large to be ingested
whole, and loricae are probably crushed, with subgequent inr
gestion of only the soft bogy. . (
Despite the fact that the inter-relations between these
two animal populations are not well understood, the grgat,
abundance of ciliates in the North West Arm suggests the pos~-
sibility that they are the most important factors in ¢ontrol- '
%iﬁg nanoplankton populations and can do so with such rapidity ]
ds to p&bduce_mass starvation and a decline in their own pgp )
lations. Thus the quantitative significance of tintinnad
feeding will be discussed flirther 1B the present section.
Observations of ihdivi val tintinnids fully packed with N
food organisms (Appendix B, Figs. 18 and 19) and the rather
high rates of excretl?n by tintinnids seem to indicate that
they havera relatively high foéd requirement. Both Zeitzschel
(1967; and Gold (1968) have stressed the need for informati¢n

about the feeding biology of tintainnids.

a3

%
L
¥ .
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e



S

T e

e B e mmamene

There?gre few papers dealing with feeding by ciliates.
Pavlovskaya (1963) has discussed feéhing of some Black Sea/
littoral ciliates and Fenchel (1968) has worked with some
benthic ciliates. Hamilton and Preslan (1969) presented

data for thé marine ciliates Uronema. However, most of these
ciliates are bacteria-feeders. Goulder (1962, 1973) has

estimated feeding rates.of Loxodes,*a fresh-water pelagic

" ciliate and Rapport, Berger and Reid (1972) presented feeding

data on Stentor.

Only two paper% deal with feeding by tintinnids~~$gittler

j1973),and Blackbourn (1974). Spittler pointed out that tin-

tiqpids are selective feeders (i.e., they consume individual
N}

particles,«ggy,actively seek out a single food item and may

. i
reject an encountered unsuitable particle) rather than sus-
e L R e T .

pension feeders and that tintinnids ﬁfqpably do not prefer-

entially consume bacteria or detritus but primarily seek out -
algal cells of 2-20 j size. He determined ingestidn rates for

several tintinnid species and found.that feeding is discontin-
} 5

uous at high food co cells/ml) .

ncentrations ( >10
. I
. Blackbourn's work was much more extensive and quantita-

tive. He determined feeding rates primaiily of Tintinnopsis

subacuta and found that tlntlnnlds could select one type of

food in preference *o another. Unlike Splttler, Blackbcurn

L3

found no minimum 51Le of food for tlntlnnlds and concluded

v

that all species consumed bacteria and detritus. He also

fédnd that temperature did not affect ingestion rates bhut

/ . ' , 01
£
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that digéstion occurred more rapidly at‘ﬁigh terperatures.

He finally concluded that natural populgtions of tintinnids
could decimate natural populations of nanoplankton in less

than 24 hours in éritish Columbian waters.

While I was\ g;ged in these feeding experiments, I did
not have access to Blackbourn's thesis and I'was uncertain
of the meaning of Spittler's results because he used yeast
as a food source. I thought it might be more realistic to
use phytoplankton so that nmy experiments are more comparable
to those of Blagkbourn, although my methods were indirect .,

o

rather than direct.

METHODS d v

-

Tintinnids were iso}atqd from plankton tows using drawn-
out pipettes under a dissecting nicroscope. They were placed
in 8 ml of filtered éea water in 125-ml screw top test tubes.
2 ml of the food suspension were added and the tubes were
placed %n the dark in a 190 C incubator. The animals were
allowed to feed for 6-~9 hours. Controls consisted of 8 ml
of filtered sea water aﬁd 2 ml of the, food suspension. Food
concentrations in the tubes before and after"feeding were

determined using a hemacytometer.
‘ . C,E

Feeding rate/tintinnid =

’

. where: Cl,cz = food cbnecentration in initial/and final con-

.« ¥
Y

‘trols {#/ml),

i
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El,Ez ~ food concentration in initial and final experi-

ments
t = time f{hrs) °
T = pumber of tintinnids/ml .

]
(]

This equation {Blackbourn 1974) carries the following assump-

«

1

tions: {a) the food concentration™Ls above the optimum faod(\
concentration; (b) the food concentration is not inhibitory:

ane {c) the tintinnids feed at a constant, optimum rate.

RESULTS

L]
The results of the feeding experiments are presented in

Tables 13 and }4. Most of the déta concern Helicostomella

subulata, the most abundant tintinnid species found in the
North West Arm. This speéieé consumed 0-75% of its body
volume in algal cells per hour with filtering rates of 0-5
pl/hr/tintinnid. Figure 25 is a histogram of the pggéentagé
of tintinnid volume consuméd per hour for all species. eﬁﬁ&iﬁ

costomella can céhsume up to 50 Dupaliella, 170 Isochrysis,

11 Monochrysis, 46 Platymonas, or 3 Rhodomonas cells/hr.

s

DISCUSSION

. ) AN

The results are b?th extremely variable and extra&gly’
high in some cases, Table:15 presents data from other sources.
Goulder's feeding rates were calculated from loss rates and
are almost certainly too low. B}ackbourn‘s data were also
very variable {even more than mine in some caseswbut this
is probably due to his more extensive investigations). ‘Ford

example, the range of feeding rates for Tintinnopsis subacuta

I

@

3
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'E:ﬂ?le 13, BResults of tintinmd feequng experanents

VATE INLTIAL TINTTNNID SPRECIDS F-2J. TINTINNID VOLUMI %

{1273} ¥FOUD AND ¥} INVOLYED TIME VOLUME GF FOUD TINTINNLID
CONC. {HRS}) PER ML CONSUMED VOLUME
x10%/m1 G G/mimn g

1. FOOD ORGANIGM: DUNALIELLA (sell volure:s 200 1) . | °

25 zuy  1.71  Hs(164)Pg{l) 5 375,349 13,200 3.5 .

2% nuy  1.77 Hs{184) 6 372,641 128,780 34.6
1 Sept 1.09 Hs{185)Pg{74) 6 3,573,193 181,320 5.1
1 Sept 1.20 Hs{295)Pgl5) 6 913,557 194,640 21.3
1 Sept 1.53 Hs{246) 6 499,571 135,020 27.0
3 Sept 1.36 Pg(l29)Hs{54) 9 5,685,472 59,360 ., 1.0
4 Sept 1.41 Hs{199)Pg(59) 9 2,953,195 16,620 0.6

10 Sept D.77 Hs(235) 7 475,927 0 it}

10 Sept 0.73 Hs{231)Te(l)Pg{l) 7 ~ 513,728 23,820 4.6

10 Sept 0.64 Hs{200) 7 405,044 143,540 35.4

18 Sept 1.20 Hs{249)Tp{l) ‘9 506,958 44,440 8.8

18 Sept 1.13 Hs{182) 9 368,590 91,800 24.9
4 Oct  1.95 Tp{ll2)Hs{l06) 9 515,211 152,100 29.5
4 0st 2.18 Hs(62)Tp{4l) 9 235,366 131,340 55.8

12 Soct 2,59 Hs(216)Tp(l6) 7 481,498 49,500 10.3

12 Oct  2.89 Hs{149)Tp(9) 7 326,693 16g,920 51.7

2. FOOD ORGANISM: ISOCHRYSIS GALBANA {cell volure: 50 u7)

21 guly- 6.18  Tp(64)Hs(56) 6 279,944 41,390 14.8
4 Axg 4.49 Hs(78)Tp{33) g° 246,345 34,155 13.9
4 Aaug  7.31  Hs(139)Tp(6) 9 298,347 139,270 46.7

12 Oct 10.78 Hs(149)Tp{9) 7 326,689 44,075 13.5

12 Qet 8.54  Hs{216)Tp(l6) 7 481,498 88,040 18.3

3.  FOOD ORGANISM: MONOCHRYSIS LUTHERL (cell volume: 50 1°)

18 3ug  3.79  Hs(107)Tp(2) 6 222,055 0 0

18 Aug 4.32 Hs{10p4) 6 210,623 0 0

18 Ayg 4.16 Hs{(128) 6 259,228 8,035 3.1

30 22§t 1.45  Hs{300)Tp(5)Ts(3) 14 629,651 0 D

30 £t 1.74 Hs(270)Ts(3)Tp{l) 14 558,181 . 8,830 1.6

4, POOD. ORGANISM: PLATYMCNAS TETRAHELE {cell volume: 300 bs)

13 July 1.93 Hs(101)Tp{22) 6 264,027 o 0

28 July 2.33 Hs(112)Tp(92) 6 473,833 180,090 38.0

28 July 2.42 Hs{112)Tp(50)Tv{l) & 362,361 274,920 75.9
4 0ct  2.34  Hs(293)Tp(9) 9 619,121 261,780 47.1

5. FOOD ORGANISM: RHODOMOHNAS LENS {cell wolume: 300 1 3)

21 July 0.43 Tp(75)Hs(54) 6 256,926 o 0

28 July 1.02 Tp(l12)Hs(45) 6 391,233 16,230 4.1

12 Sept 0.80 Hs{226)Tp(3)Ts(l) 22 468,632 4,590 1.0

6.  FOOD ORGANISM: RHCDOMONAS LENS AND PLATYMONAS TETRAGELE .

11 oct  4.%0  Tp(l49)Hs(43) 9 436,123 176,409 36.3

11 Oct  5.14° Tp(156)Hs(24). 9 . 466,524 237,900 51.0

11 oot 14.79i T {141)Hs (101) 9 582,161 353,220 £0.7

»

L.
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, Table 13. {wnhqu&d}

DATE INITIAL INTIMN {) SPFCLEST F:;:.“ZS. TINTINNID VOLUME %

{1975)  FOOD {AND _#¥ INVOLVED TIME  VOLUME OF FOOD TINTINNLD
CONC. {HRS}" PER ML CONSUMED VOLUME

4 ' @ 3 3 CONSUMED

X1 /ml (") . W/ml/hr) oo HR

7. FOOD ORGANISM: DYRAMIMONAS (cell volume: 140 u-)

4 Auy 1.64 Hs{202}Tp{3) 9 417,129 56,448, 13

8. FOOD ORGANISM: RHODOSORUS (cell volume: 140 313)

21 July 1.13 Tp(89) , © 403,022 63,938 15.9

Hs = Helicostomella subulata (animal volume: 189279 ua)

Pg = Parafavella gigantea (animal volume: 389,010 ;13)
Tp = Tintinnopsis parvula (animal volure: 24,103 p°)
Ts = Tantinnopsis strigosa (animal valum?:/;é D30 u3)
Ty = Tinkinnopsis vasculum {animal voluwte: 9,072 uB)' ’ f v

-

-

was 3.%-38 rl/hr/tintinnid and maximum consumption obtained
was 9.29% of T. subacuta body volume {(10.13% of T. parvula

body volume) per hour. Spittler made no mention of varia-

bility in his results. Assuming a volume of 65 u3 for an

3 for an average Tin-
. —

“

average yeast cell, a volume ?f 98,800 u

W,

tinnopsis tubulosa (without its lorica), and a maximum feed-

ing rate of 60 yeasts/hr/tintinnid, then T. Tubulosa can con-
sume 5.26% of its hody volume/hr. Spittler also reported a

maximum filtering rate of 0.5 ul/hr/Leprotintinnus bottnicus,

0.8 pl/hr/T. tubulosa, 1.7 ul/hr/T, parvula and 8.5 ul/hr/T.

fimbriata. He also found a decline in filtering rate at food

3 ..4

concentrations of 107-10" cells/ml but concluded that tintinnids

were not damaged after feeding for 24 hours at food concentrations
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Table 14. Feedainy rates of tintinnids
JINTINNID # ¢ FOOU ¢ ¥ OF FR¥D. FREDINWS FELDING
TINTINNIDS FOOD/  TIME RATE (#/ RATE (ML/
.. PER ML ML 41 {HRS} HR/ ‘ HR/
{x 107} TINTINNID) « TINTINNID)
Hs 20.57 Dun 1.71 6 3.2 ‘ 0.00019
He 20.44 Dun 1.77- 8 31.5 . 0.00178
s 44.61 Dun 1.20 6 21.8 0.00182
Hs 27.33 Dun 1.53 6 24.7 0.00161
Hs 26.11 Dun 0.77 7 0 )
Hs 28.18 Dun 0.73 7 4.2 0.00058
Hs 22.22 Dun 0.64 7 32.3 0.00505
‘Hs 27.81 Dun 1.20 g 8.0 0.00067
Hs 20.22 Dun 1.13 9 22.7 0.0020L
Hs 27.96 Dun 1.95 9 27.2 0.00139
Hs 12.81 Dun 2.18 9 51.2 0.00235
Hs o  26.31 bun 2.59 7 9.4 0.00036 -
Hs 17.4% pun. . 2.89 7 48.5 £ 0.00168
Pg 14.62 Dun 1.36 9 20.3 0.00149
Pg 7.59 Dun 1.41 9 10.9 0.00077
Tp 21.50 Dun 1.95 9 35.4 0.00182
Tp 9:86 Dun 2.18 9 66.6 0.00306
Hs * 15.47 ° 1Iso 6.18 [ 53.5 0.00087
Hs  13.43 Iso 4.49 9 50.7 . 0.00113
Hs 16.31 ' Iso 7,31 9 170.8 0.00234
Hs 17.41 Iso 10.78 7 50.6 0.00047
Hs 26.31 Iso 8.54 7 66.9 0.00078
Tp _1i.90 Iso 6.18 .6 69.6 . ¢ 0.00113
Tp 10.33 Iso 4.49 9 66.1 0.00147
Hs 12.18 Mono 3.79 6 0 0
Hs 11.56 #ono 4.32 6 0 - 0
Hs 14.22" Mono 4.16 6 11.3 0.00027
Hs 34,52 Mono 1.45 14 D . 0
Hs 30.61 Mono*® 1.74 14 5.8 0.00033
Hs 14.40 Platy 1.93 6 0 0
Hs 25,75 Platy 2.33" 6 . 3.1 0.00133
Hs 19.72 Platy 2.42 6 46.5 0.00192
Hs 33.86 Platy 2.34 9 25.8° . 0.00110
B 19,80 Platy 2.33 6 40.4 0.00173
Tp 15.13 Platy . 2.42 6 66.5 0.00250
HS 16.83 Rhod 0.4% ™ 6 . Q T )
Hs 21.18 Rhod 1.02 6 2.6 - 0.00025
Hs 25.70 Rhod 0.80. 22 . 0.8 0.00008
Tp 12.95 Rhod 0.43 5 0 0
Tp 16.29 Rhod 1.02 6 3.3 0.00032
Tp 20,23 * Platy,Rnod 4.70 9 .-"29.1 0.00062
Tp 19.38 © Platy,Rhod 5.14 9 40.9 _0.00080
Tp ” 24.30 Platy,Rhod 4.79 9 48.5 0.00101
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Table 14. (continued) o
TINTINNID # OF FOOD ) FEED. FLELING FEEs & .
3 TINTINNIDS FOOL/ TIME RATE {»/ RATE ML/
PER ML ML 4 {HRS) HR/ HR/
. {x 10} TINTINNID) TINTINNID)
Hg 26. 30 Platy,Rhod 4.70 9 22.4 0.00048
Hs 25.20 Platy,rRhod 5.1 9 31.5 $.00061
Hs . 31,59 Platy,8hod  4.79 3 37.3 0.00078
Hs 22.88 Byr 77 l.64 9 17.6 0.00197
Hs 22.08 Rhodos 1.13 6 20.1 0.00178
. Tp 16.98 Rhodos 1.13 b 26.9 0.00238
= Helivostomella subulata Dun = Dunaliella
Pg = Parafavella gigantea Iso = Isochrysis galbana
Tp = Tintinnopsig parvula Mono = Monochrysis luthera
. Platy °= Platymonas tetrahele
Rhod = Rhodomonas lens
Pyr = Pyramimonas
) Rhodos = Rhodosorus
of 10° cells/ml. Furthermore, Spittler determined that inges-
tion rates of T. tubulosa were constant at food concentrations
up to 3.74&104 cells/ml but that this species stopped feeding
after about 90 minutes at food concentrations of 3.75x105 cells/

ml having consumed about 95 cells/tintinnid during this time.

Neither my data nor Blackbourn's data show any consistent re-

lationship between feeding rate and initial food concentration

although Blackbourn felt that Monochrysis concentrations‘bf

2.lx105 cells/ml were inhibitory to Helicostomella kiliensis.

The closest I came to this was 1.78x10° Isochrysis/ml.and this

was certainly not inhibitory to H. subulata.

Blackbourn estimated that T. subacuta would reach a steady

state feeding rate after feeding for about 3 hours and that

the optimum food concentration was always <104 cells/mi, All

\

o e &
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Talle 1b. Prevacas resalis of protozoan foeling rates

SLELID B w.D ’I SL2 I FEIDING WoLlis % FECII S5IURL
FoOD RATE (¥ CF FOUD ANIMAL RATE
° CONC. JBR/ CONSUMED VOLUME {ML/HR/
) xlﬂéﬂ“xl ANIMALY ;;g3ﬂi?f - CE:;S?MED ANIMALY "
. mNipan) oo ER ’
] ., bt THLLT 32.% .6,513;} $.23 ,0.00563 Blackboarn {1974)
Ts Dt 1.56 25,1 5,020 7.17 0.001iB L
‘ Ts ot 0.44 9.7 1,940 2.77  0.00938 b
Tg nt 0.62 2.0 400 0.57 ©.0003 »
" Tg Ig 6.860 26.3 1,315 1.88 0.00004 " ‘
Ts 1g 6.60 46.7 2,335 3.34 0.00011 "
Ts ML 0.0 26.0 1,300  1.86 0.0018 boow
Ts ML J.30 26.5 1,325 1.89 D.082 "
, Ts Ml 0.5 17.4 875 1.25  0.0017 " ;
" Ts | M1 1.60 23.2 1,210 1.73 0.0010 . "
¢ Tp Dt 0.39 1.5 - 300¢ 1.00 0.0004 - -
- Tp Dt 0.78 2.4 480 1.80 0.00%3 Y
; LTIp M1 7.35 5.7 285 0.95 0.0002 | b
. Tp ¥Mi 0.70 £0.8 3,040 10.13  0.00R2 " .
H Hk M1 4.10 1.7 85 0.21  0.00074 ¥ ’
’ Hk ML 10.90 0 0 o 3 "
' Bk ML 21.30 0.8 0 3 0 .ot
f Hk M1 D0.50 6.7 335 .81 0.37%3 . «
Tr Dt 0.62 ] 0 0 g "
Tr Ml i.30 6.5 325 5.42  0.0005 "
Sc Te 32 988,864 1.51 FPapport, (1972) -
sc Eg 41 148,035  0.23 . n
Sec Cp 538 220,601 0.34 " ‘
Se r 328 97,744 0.15- ",
Lm s ‘ 1,429 0.01 Goulder (1972)
sPemes\é ‘ T Volume (ug)
T5 = Tipbimnopsis subagefa 70,008
Tp = Tyntinnopsis parvula 30,000
‘ Bk ='Halicostomella kiliensis 40,000 .
. Px tagnopsis rapa 6,000, g
sz = Stditor coeruleus 65,416,667 /
. Im = Loxodes magnus 24,531,250 7
# Dt = Dunaliella tertiolegta 200 - ,
Ig = Isochrysis galbana \ 50
Ml = Monochrysis lutheri \ . 50
Te = Tetrahymena pyriformis 30,902 /
Eg = Euglena gracilas 3,635 p
Cp = Chilomonas parameclun 3,749 .
Cr = Chlamydomonas reinhardti 238
S 8d = Scenedesmus denticulatus 4,764
o,
: L

v
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aof my experxmentﬂ lasted nuch loweer than 3 raurs and food

~h

sconcentratlons were almost always above th:s optimum 1eveh.ﬁn

4 ' ’
Thus my values may repr&sent the maﬂlmur rates pa»sxhle.

> There are many factors whlch.ﬁlght aff%ct apparent feed-

»

' ing *ates of tintinnids, inélndin@ the method used to deter-
s .

a

mine the .rate. Spittler allowed his animals-to feed for 3
minutes to 4 hours, then killed them and counted the number

of Cohgo réd-stained yeast cells inside the animals. Black-’

»

bourn watched a single tintinnid for a time and counted the

number of food.organisms it appeared to ingest, or else he

E4

‘ allowed’them?io“feed for a time and then counted the number

‘of food organlsms inside. These are all direct measurements
. L4
and mlght be expectéﬁ to be more reliable than the more in-

-

‘*  direct methads T used. ﬁowever, Blackbourn admitted that

v

" his methods were rather subjective and that he could have

missed the ingestion cﬁ some véry small par'ticles.

3

It is d1£§1cult to determine the effécts of mechanlcal

manipulation of the tlntxnnlds. Short term experiments may

‘¥

not allow sufficient time for the anlmals to recover from

mechanical shock, if in fact it occurs. If the tintinnid

/

does not feed at all or feeds very siowly until it recovers,

e 4
1

short term experiments could vastly underestimadg the normal

feeding rate. longer experiments give the animals time to

recover and perhaps feed at a more normal rate. kicroscopic
examination of 'the tintinnids after 9 hours showed that they

3

.
were in very good conditidnh~5ften packed with food cells,
and swimming normally. %&f}

- . «
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Another factor to consider 1s that these experiments »

really d-alt with rath=: small entities so that quantities

o

must be expressed'as precisely as possible. For example, it
is not possible to compare .food volume consumed with lorica -
| o

volume because the animal farely £ills a constant proportion

of the lorica. Thus,bonly thé\?oft rody should be considered,

B, g

a difficult thing to determine if the lorica.is of the arena-

ceous type. Blackbourn reported the volumes of Tintinnopsis

parvula and Helicostomella kiliensis to be 3x104 and 7x104 u3.

- gl

«
respectivel§§ I have determined North West aArm T. Earvula“

Yylume to be 2.41x104 u3 {(hased on measurements of 40 animals,

assuming a cflindrical body) and E. subulata (progably t

same speties as H. Kiliensis) vmlume to ke 1. 83x104 p3

on measurements of 48 animals). ¥Were I to use Blackboytn's ~,

-

/
lem of the variability in the tintinnids themsélves.. For .
example, what of the p;§§~?hysiological history of the tintin-

nids used in the experiment? It is not known Wwhether the tin-

2
k<l

tinnids were well-fed in the wild or on the brink of staryation.
Blackbourn pointed out tHat tintinnids starveﬂgfor >48 hours

had difficulty eating when food was again offered to them and :
that digestion occurred more rapidly in well-fed than in

starved tintinnids. The tintinnids used in my experiments

3

renained unfed for 2-7 hours before the start of the experiment.

-
Perhaps hungry {but not starving)} tintinnids reach very high

0 -
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levels of food consumption. ) -

»

f Tt is possible that tintinnids increase their rate of . '’
food consumption immediately before cell division and it is
possible that they may not feed at all during the actual pro-

cess of division. No attention was paid to“reproductive ¢

_ state during this study (although tintinnid abundance did not

change during the ex%eriments}, spo this is a factor which
deserves more attertion.

It is not known whether tintinnids are co?tinuous feeders
in their natural environment. Goulder (197§b(f0und no diei

f}uctuations in the number of food organisms inside“the cili-

“ate Loxodes over a 24 hour period and concluded that their

grazing rate was constant. Blackbourn found no difference

in the number 'of food cells contained in Tintinnopsis subacuta

at dawn and dusk, and light intensity did not affect feeding
rates. He also found that his tintinnids moved tcward_the
water su;face at all light l%vels. ' However, T. parvula in

the North West Arm obviously migrate away from the light (as
deep as 12 m) to areas of much reduced food levels, so they
may in fact feed discontinuously. Others (Zaiﬁ@ and Ostrov-
skaya 1972 and vitiello 19641 reported extensive’vertical
migrations (ug to 50 m) by tintinnidg. Whether this is merely
a phototactic respofise or a response io food is unknown but
migration into a nu%rient—poor layer must affect feeding rates.
All of my feeding experiments were carried out in the dark,

which, again, may tend to maximize rates for the species con-

cerned. //

» -

-«

o
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Blackbourn stated that larger tintinnids have a higher
[

feeding rate than smaller tintinnids. I have not found this

to be particularly true as reqards Helicdstomella subulata,

Tintinnopsis parvula and Parafavella gigantea but the discrep-

ancy may be more a result of activity rather than size, or

even a cormbination of the two. Foy axample, T. parvula car-
ries a smallk but heavy lorica, the apimal almost filling';he
lorida. Its movement can be descrjbed as nothing short of
frantic. Thus it proh;bly requifes a rather substantial
amount of food to meet its Anergy requirements.’ H. subulata
is a ¥ather smzll animal in a rather large but lightweight
1oricé‘ Its movement is determined and swift, hence a Ye—'
s/filar to T. parvula. P. gigan-
A\

tea possesses an extremely large lorica with a proPortlonally

gquirement for food perhapsf in

large animal (as compared with %ellcasﬂ/mella). Its hexagon-

%11y-sculptured lorica has beep suggested to be rather buoyant

(Zerzschel i967). Its movement is best described as leisurely,

animal.

t

Figures 2 histograms of the number of

Rhodomonas yéns inside various tintinnid species after one

hody of féeding. In all ‘except’'T. karajacensis and H. subulata .

only one or two food organisms were found. But this tells us
nothing of the handling time of the organism; i.e., how fast

they are digksted and replaced. Hamilton and Pres{?n (1969)

reported that Uronema (a marine bactivorous ciliate) ‘could

w ¥
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form feeding vacuoles at the rate of one every 1*5 minutes,
the contents of which were digested in aé short a time as 30~
45 ;gconds. One of their figures show;d a Uronema with >50%
of its volume occupied ﬁ& food vacuoles. ‘It is possible that
tintinnids may also have a very high food t;rnover rate.
Tintinnids may have a prefgience for a certain type of
food, a éreference based on food size, shape, biochemistry,

or a combination of these. Tintinnids probably do not eat

many diatoms becaude even the smallest (like Skeletonema

costatum) usuallyfocpur in chains and are henge too bulky-
for tintinnids to handle. Spittler's determination that
tintinnidé prefer live algal cells of between 2 and 20p di-
ameter pas already been mentioned. I have been unable to
cultureitintinnids Sn either diatoms or dinoflagellates but

have been successful using a mixture of the flagellates Duna-

o

liella, Isochrysis, Rhodomonas and Platymonas. . Gola (1966,

1968, 1963%a) has used these algae as well as the dinoflagel-

-

lates Peridinium trochoidum and Glenodinium foliaceum for

*

culturing tintinnids. From this study it appeared that H.
subulata and T. paxvula (and also P. giggntea--see Appendix

* a
B, Fig. 19) all eat Dunaliella, Isochrysis and Platymonas R

(H. subulata also consumed Rhodosorus angd Pyramimonas). None

seemed tp thrive on Rhodomonas except T. karajacensis). H.

subulata seemed to avoid Monochrysis and it is interesting

to note that Blackbourn's H. kiliensis also seemed to dislike

Monochrysis, although his T. rapa, T. subacuta and T. parvula
]

A
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consumed quantities ofeBt. Dunaliella was also readily ac-

- " .cepted in Blackbourn's‘experiments, except for T. rapa, for

o which it was probably tao large. .Rapport EE. gi.

fact permit several tintinnid species of the same genuk to

*
co-exigt in the same volume of water. 1
§oar ¥
» b - 3
Assuming, then, that my values are-acceptable, it is

¢
4 £

possible to calculates rqughly whether tintinnids exert a

-

control on nanoplankton blooms. During 1 Juhy;fz»OQtober

' 71975, there were an avérage of 4400 Helicostomella subulata/l

in the Nqith West Arm. From Table 2, each Helicostomella
could eat on the average 22 Dunaliella-size particles/hr or
about 530/day (if it ,eats all the time). Thus the tintinnid

6 algal cells/l/day.

population could consume about 2,3x10
Most of the tintinnid blooms }>2000 tintinnids/l) occurred
soon after or while the nanoplgnkton population was about
2x106 cells/l: The enormous 1972 summer tintinnid outburst
(72,75b tintinnids/1l) occurred scon after the nanpplankton
Feached a concentrationkéf 16.4x106‘cells/l.

Table 16 présents the tintinnid concentration, nanoplank-
ton concehtration and the estimated nanoplankton consumption
by the tintinmids for four successive sampling dates during
1972. I propose that between 12 July and 26 July the tin-
tinn;ds took advantage of the enormous food supply, quickly

4 [
ate enormous amounts of it and were able to reproduce so rapidly

¥,

e e B sim 4 "i‘“‘ -
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Table 16. Theoretical nanoplankton consumption
) by tintinnids
SAMPLING TINTINNID NANOPLANKTON  ESTIMATED TONSUMPTION BY °
DATE ~ CONCENTRATION CONCENTRATION TINTINNIDS (# OF NANO-
“ {#/1) {(#/1) PLANKTON CONSUMED/TINTIN~-
MID POPULATION/1/DAY)
14 June 1,075 1.1x10° 0.6x10°
28 June W73’6~ 5.3x10° “0.9x10°
12 July 5 16.4x10° 3.4x10°
26 July- 12,750 3.4x10° 38.5x10°

4
that overpopulatlon so depleted the food supply as to cause

rapid starvatlon and decline of the tirtinnid population. It
is most likely thag this sequence of events was responsible
for the répid increase and decline in the abundance .of tintin-
nids observéa both in the North West Arm and in the Tower Tank.
Both Prakash (1963) and Needler {1949) have found species of
Favella to be responsible for the demise of‘tohyaulax popula-

tions in natural waters. 1In shd}t, tintinnids certainly feed

a

at sufficient rates to enable them easily to control natural
bloomﬁ of nanoplaqkton. .. \

Finally, later sections will deal with observed growth
rates of tintinnids in culture and in nature, and by way of
1ntercompanlson an attempt will be made to translate the_
feeding experlments into termswgf 90351b1e growth rates, al-
though the results obviously w111 be variable and subject to
all tﬁ%k?ugllfications that have been étated.
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Referring back to Fig. 25, the largest,frééuency of food
volumes consumed was in the range of 0~10% ;f the animal vol-
ume per hour. We will assume an assimilation efficiency of
80% of the food consumed, a figure commonly used in such com~
putations; further thatithe growth efficiency is 20% of the
assimilated food, which probably is reasonable for small
animals. Then a 5% consumption would lead to an increase of
biomass of 0.8% per hour, which is gguivalent to a doubl%pg
time of slightly more than 5 days. . ’ .

The average consumptien as shown in ;ig, 25 is 24%, and
a similar calculation indicates a doubling time of %6 hours.
The maximum cbserved feeding rates bring the doubling time
down to about 8 hours.. 1

Later work on growth of cultures will suggest that the
feeding rate is average or less than avera%e; i.e., doubling
times in excess of one day, but as suggested earlier, natural
populations occasionally have been observed to increase more
rapidly than this, a result that is not inconsistent with the

maximum feeding rates that have been observed.

N\
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’ NITROGEN EXCRETION BY TINTINNIDS

INTRODUCTION Ve \/ '

4

. At least since the time of Harris (1959} it has been

realised that marine nitrogen budgets aia not balance; 1.;.,
that phytoplankton appeared to require moge nitrogen than
was being suppiigd to them via bacterial decomposition and
physical transpoét. It was sugggstéé/éhat zooplankton
(usually copepods) were directly sup§lying the extra nutri- )
erits via their excretion. Howeer, now that excretion rates
by copepods are becoming knoyn (Smith 1975), the nitrogen /
budget still does not balance. This discrepancy has led some
(Johannes 1965) to suggest that marine protozoa-may play an
important role in nutrient regeneration in the sea, particu-~
larlyw since they nuﬁerically dominate the zooplankton at
times (at least in summer) and are most abundant in the eu-

7

photic zone.

1

Little is known about nitrogen excretion by marine proto-

zoa, most likely because of the technical difficulties involved

in such investigations. Until recently analytical methods
were crude and insensitive. It has been difficult to obta;;//
sufficient numbers of these generally small organisms in orfer
to obtain reliable results even with improved analytiéél tgch~
niéues. The use of natural populations involves tedious iso-
lation of individual animals. Cultures require feeding and

there is then the problem of separating food from protozoa.

»
-
-
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These problems are particularly acute with tintinnids, which »

i

AR

resist culture and are destroyed by even the gentlest.of £il-~

tration or centrifugation. ’ , v
There have been a few quantitative estimates of nitrogen

excretion by somé protozoans. Table 17 lists some of the

&

*
Tqﬂie*l7. Previous investigations of nitrogen -

‘
m“n’.\)‘mﬂ.ii!i . W’.«

’ excretion by protozoa C?Q//
PROTOZOAN ‘AMMONIA EXCRETION UREA EXCRETI SOURCE
INVOLVED {(uM-ammonia~N/ {(uM urea-N,

animal/hour) animal/hour) e ) .
Didinium 2.29x10” % 0 Weathdrby (1929)
Paramecium 0 9.30x107> L ‘
Spirostomum 0 2.20x10"% - i '
Glaucoma 8.90x10™% ~Doyle and Harding

-5 -5 {1934) ,

Tetrahymena  5.04x10 3.62x10 Nardene and Wilber
Paramecium 4.91x10 Soldo and Wagténdonk

aurelia . {196l)

]

results (which I have cplculatea from the origin§1 data in -
order to make the values comparable to one another) of these
investigations done with cultures of freshwat¢r organisms.
These studies prompted me to try to determiné the nitrogen
excretion rates of some tintinnids, abundant members of the

summer zooplankton in the North West Arm. )f /

METHODS .-~
Begause of the digficulties inveolved in the culture of

tintinnids and in separating them from their food, I decided

to use natural populations. The tintinnids were collected

r | -

| /
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either off ;he Oakland'Plei or ‘at Station E using a 30-cm
diameter, 10 p mesh net. The sample was returned to the lab=-
oratory and aﬁimals were isolated from it by means of a
drawn-out pipette under a dissecting microscope. 1In this
manner, for ammonia analysis, the animals were tfansferred
into 150 ml of[glass fiber filtered surface seawateg (200
ml in the case of urea analysis) obtained at the same time
and loeation as the net tow. The sample bottle and a contrel
bottle ‘containing the same amount of water but without tin-
tinnids were wrapped in aluminum foil and placed in a cabinet
in a 10° C cold room and left undisturbed. for 9 hours. At

the end of the incubation period, control and sample bottle 2

'S o3

contents were filtersd through glass fiber filters and am- °
* monia {Solorzano 1964) or ureé {(McCarthy 1970) analyses were Q

performed on the flltered water. . ° . -

-
L} k4 ¢

Experzments were also run to determime whether tlntlnnlds

-» -
~ IR 4 » -

excretq amino acids. Collection of’ tintinnids #as as above.?
s

Animals were ‘isolated into 15 ml of filtered seawater in sérew-

E2

The tubes were wrapped in aluminum f011 and
. ®

1ef£ undisturbed for 8 hours in a 10° ¢ cold room.

©

top test tubes.

Amlno acid

analysis (using L~arg1n1ne as a standard) was done by T.

»

Holribaugh using a method deveioped by ZYka (personal communl-

cation). 1In all experiments, an 1titial sample of seawater

' -

was analysed for amméniéﬁ urea or amino acids in order to

. . LY
determine ambien¥ d<oncentrations. ‘" .
‘ > "
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RESULTS -

» 5

Tintinnids do no£ appear to excr?te {or take up) amino
acids, The’resultétof;the ammonia and urea analyses are
presented in Table 18, The average ammoni& excretion was
6.65x10_6'nﬁ ammonia—N/animal/hbur.- The average urea ex-—

cretinn}was 4.43x10"6 M ureayN/animal/hour. It appears that

Helicostomella excretes larger amounts of ammonia than urea

5
and that ammonia production i1s inhibited at higher concentra-

tibqg,of animals. Tintinnopsis appears preferentially to

~ 3

excrete urea. < y

»

DISCUSSION \

1

Values obtained in this study yéée rath;l different from
those of earlier studies. 1In general, the present values
were lower. However, Soldo and Wagtendonk {1961) reported
even lower values. Since their experiments ran for 12 days,

it is assumed that their cultures were fed and that uptake

h r

by the food organisms might account for the low values. Higher

values in the older studies were most probably the result of
crude methodology. On the other hand, it is possible that
such a wide range of values is real and a result of species
di¥ferences in ex;;etion rates.

. The present values also seemed quite variable (especially
for ammonia), -the reasons being unclear at this time. Analy-
tical prlecision was good, which providés confidence in the

analytical method. There is no way presently to evaluate

»
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the effects of mechanical manipulation of the animals but it
is.recognized that such manipulation could affect the results.
On the other hand, this high variabjility in tintinnid excretion

may be yet another (and at this time unexplainable) part cf
E

the trademark of variability as rgflected in their variable

£

.
abundance and variable rate of/ d consumption (Blackbourn

argrave and Geen (19585 reported

3

1974). Decrease in excretjop with increasing animal density
is not a new phenomenony/{}

There has n some controversy as to whether or not cil-

iates excrete/yfea. The present study indicates that tintin-
nids, at le , do. Weatherby (1929) found urea excretion in

Paramecium /And Spirostomum. Lwoff and Roukhelman (1926} did

/ .
not find/it in Tetrahymena, nor did Dewey, Heinrich and Kidder
Ve

' However, Nardone and Vilber (1950) did find urea ex-

o2

cretion by this organism, at least in the early stages of

growth. The Paramecium aurelia cultures of Soldo and Wagten-

doﬁ%g(l9613 also failed to produce urea. Seaman (1954) said

that Tetrahyﬁena contains the enzymes of the ornithine cycle

and can synthesize urea from ammonia and then convert this to
ammonia again via a pH-sensitive urease. The value of such
a biochemical tactic is unclear unless such an ability to in-
activate ammonia is of value te animals living in confined
spaces or in areas of high animaf'density. This suggestion

is plausible when applied to tintinnids, confined to loricaese.

L}
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It may be that the tintinnids in my experiments produced

Fl

i

urea earlier in the experiment and produced little urea later
on; hence my values may be undereﬁtimates {and the ammonia
values ovgrestimates if the urea were converted to ammonia
) \\' during the 9-hour incubation). On the other hand, tintinnids

may not produce urea until the level of ammonia in their micro-

environment {(i.e., inside their loricae) becomgs somewhat toxic.
<o

There is also the possibility that different protozoan
)

species excrete different nitrogenous products (Cunningham and
! Kirk 1941). It is generally believed, for example, that there
are basic differences between the arenaceous-loricate tintin-

. nids (like Tintinnopsis) and hyaline-loricate forms (like

** Helicostomella). The tendency toward urea éxereti&n by Tin-
A ) tinnopsis may be a manifestation of these differences. Per-
haps the hyaline loricae are more conducive to ammonia diffu-
sion\tban the more sturdily built Tintinnopsis loricae, making

N
a less toxic form of nitrogen excretion necessary for the
(8

latter. Tintinnopsis also fits more snugly into its lorica

than does Helicostomella and thus has less open space into

. " “4
which it can excrete.

Tkeda (1974) estimated the excretion rate of ammonia for
an average zooplankter (E: uM N/énlmal/hr) using its individual
<

body weight (W: mg dry weight/animal) and its habitat tempera-

ture (T: °C) in the following equation: log E = (~0.0094T) log W

; + {0.02836T - 1.3664). For Helicostomella (T = 10° C; W = f

)

2.38:&:10"6 mg)} the predicted value is &':.'lel(r6 pM N/animal/hr,

which is in fair agreement with the exggrimental value of

. »
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6.65x10"° uM N/animal/hr. ‘ )
Continuing the "intercalib}ation" of experimental methods,~

the preceeding section on feeding rates was used to estimate

possib%e doubling timek of the population and can also be

translated, with some simplifying assumptions, into projections

of nitrogen ex;retion which can be compared with experimental

data on this subject. The earlier analysis assumed that asskm-

ilation was 80% of total consumption and that the increase in v

biom;ss was 20% of assimilation, or 16% of total consumption.

This much of the nitrogen content of the food, assuming a

i
_similar elementary composition, will be withdrawn inté\Eﬁe\x\ i

-

formation of new tissue, and the remaipder will be excreted
in one form or another. The most likely source of soluble
nitrogen is the assimilated fraction, which will be 64% of the
total nitrogen consumption. The ma%imum value would be 84%,
ifs all nitrogen consumed is convert;d to ammonia and urea, but
th*.m’ s unlikely. Since the mean excretion observed in the
experiments is 2.79 ug-at/mg dry weight in an hour (= 39.06 1g
N/mg dry weight/hr), the estimated total consumpt}on is 47~
6lyg N/hr. However, this is a very rough estimate in view of
the fact that experimental values for nitrogen excretion were
highly variable. y ‘
Approaching the problem from the opposite viewpolnt}‘and
assuming that the nitrogen content of the nanoplankton food
is about 6%, the experimentally observed feeding rates lead

to an estimate pf nitrogen consumption of 3-45 ug N/mg dry

weight/hr with a mean of 14.4 ug N.

e e
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The agreement clearly 1s not good. The high end‘of Fhe
estiﬁég%Vbased on feeding rates overlaps with the lower range
qf expérimentaily determined excretion rates but the averages
differ by a factor of at least four. It is possible that in-
creased bacterial activity in the experimental bottles as a

result of the presence of the animals themselves may have pré-

".duced an added amount of ammonia, but the quantitative’bqntii%
L]

bution of the bacterla is unkhown,i However, due to reduced
R
temperature and relatlvely short incubation time, this con-~
AN

tribution is not thought to be large. It is extremely diffi-
cult to make ania&éurate assessment of the role of tintinnids
in general'hzarogen balance until the reasons for the discrep~
ancy have been discovered, and yet the information now avai}v
abie is an improvement over the comﬁlete lack of knowledge )
that existed prior to these experiments. u

Assuming that the present values,are plausible, é few

simple calculations reveal some insight of the role of tin-

tinnids in nutrient regeneration. For example, on the average

there were 4400 Helicostomella/l in the North West Arm during

. the period 1 July~12 Octeber 1975 excreting on the average

6¥.65x10“6 uM N/ani&al/hr into the water, which represents an
input of 0.696 uM N/1l/day or 696 uM N/mB/day. In Bedford
Basin, a part of Halifax Harbour a few miles away from the

NWA (andﬂbeing similar to the NWA in phytoplankton and proto-

" zoan communities), the primary production during the period

1 July-15 October averages about 100 mg C/m?/hr. Assuming a

-

e
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depth of NWA Station E of 12 m and a similar primary production,
this amounts té about 200 mg C/m?/day or 16.67 mM C/ms/dayu '
Assuming a C:N ratio of 6.625, this represents a nitrogen re-
qulréméht for the phytoplankton 9f 2516 uM N/m /day. Therd-
fdfé: the tintinnid popuiatlon alone could supply 25-30% (27. 7%)

“

e

/ 7 of the nitrogen riziiigment of the phytoplanktou.

S HeIicostomell 7 without ‘their loricae, possess an average

s volume of 18 27f/73, Agsuming a density of 1. 00 for cell con-

' 3 -6

tents, then 1 1 10 ° ug wet weight. %ssumlng further that

dry weight = 13% of the wet WElght, then one Helicostomella

represents 2.38x10 ug dry welght. Again, with an average

Of 6.65x107°

-2

uM N excreted/animal/hr, an excretion rate of
¥ 6.73x10"“ *uM N/ug dry weight is obtained. Calculations frém
data given by Harris {1959) yield a value of 2.87x10"3 M N/ug

dry weight/day Epr mixed zooplankton (primarily Acartia). Cal-

S e s

culations from Smith's (1975) data on Centropages typicus yield

a value of=5.95x10~4 M N/pg dry weight/day. Even censidering
that not all the dry weight of a éopepod'igfof metébditﬁally
active material, excretion by tintinnids may be one to two
orders of magnitude higher than excretion by macrozooplankton.

These data seem to parallel those of Johannes (1965) which'

e

o —

marine microcrustaceans and several orders of magnitude higher
’ *

- . w

than marine macrofauna. -

1

Table 19 represents protozoan biomass and protozoan ex-

cretion estimates during the four Scotian Shelf cruises. It

-
7

\\'/ .

<

oYy

81
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revealed that on a per weight basis, marine protozoan phosphate
’ excretion was one to two prders of magnitude greater than
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MONTH  STA. # Pg/ ZB¥ PB:ZB PE ,  ZE* PE:ZE PA* PE:PA ZE:PA*
MAR 3 ﬁ.sg 12.2 0.21 35.29 2.2 16.04 31.6 1.12 0.07
SSIIT 4 /2,83 7.2 0.39 38.71 2.3 16.83 132.7 0.29 0.02

JUNE 2 4.53 34.0 0.13 61.97 16.0 3.87 31,7 1.95 0.50
SSI 3 / 4.13 25.0 0.17 56.50 17.3 3.27 40.6 1.39 0.42
“ 5/ 2.79 8.0 0.03 38.17 16.2 2,36 68.2 0.56 0.24
AUG 3/ 9.74 72.4 0.13 133,24 45.8 2.91 151.9 0.87 0,30
SSIV 7 "~ 14.43 7.6 1.90 197.40 "~ 7.3 27.04 57.2 3.45 0.13
NOV 5.09 36.8 0.14 69.63 # 9/7 7.18 171.1 0.4L 0.06
T 8SII 4 3.78 15.7 0.24 51.71 13.3 3.89 49.3 1.05 0.27
@ail!” X 5.55 33.0 0.37 75.85 14.5 9.27 81.6 1.23 0.22

"7 w

%6W*4

« 119

Table 18. Average protozoan biomass (PB: mg drgwez.ght/mB) "the top 50

m of the water column and their estipated nitrogen excret f¥n " (5: ng-at N/

1/day) during the four Scotian Shelf cruises.

\ »

v &

STAT. #

MAR (SSIII), JUNE (SSI)

PB E PB ¢ E

G(SSIV)

%

E

NOV(SSII)
PB

E PB

v

4

N OU W e

T

2.79°38.17 3.36 ,45.96 22,67 310.13
41 32.97-4.53 61.97 15.08 206.29
35.29 4.13' 56.50 9.74 133.24
38.71 3.65 48.

6.12

.72

9’?
17 21.41 292.89

o
*

oo
o

.19 14.43 197.40

8.17
6.27
5.09
3.78
7.68
4.66
9.55

111.77
85.78
69.63
51.71

105.06
63.75

130.64

9.25
7.07
5.39
3.42
8.39
4.70
8.78

126.51
96.75
73.65
46.40

114.74
64.29

120.04

Nl

\\_‘m

§

§

(mg dry weight/m”); prptozoan (PE) and

excretidn {(ng-at/l/day)};
asgimilation (PE:PA) /an

-

assimilation (ZE:PA)
Shelf cruises. “ﬂ<:7/

/

&

o

¢

»,

Table 20. cOﬁpa 1son of protozoan (PB) énd m;crozooplankton {ZB) omass
m%cr0200p1ankton {ZE) nitroge

crozooplanktoﬁ N excretion:phytoplankton N

:;d protozoan N ex¢retion:phytoplankton N
os for selected stations dugping the four Scotiam

3

* data/%rom R. 0, Fournier
PB average biomass 1n the top 50 m of the water column
ZB average biomas$ for the entire water column
ZE average value for the euphotic zone

’
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is based on the following assumptions:

(2a) an average Strombidium has a volume of 19,272 u3

3
-~

(b) other protgzoa (including tintinnids without their

gy o T
3 .

loricae) have an average volume of 35,767 1

(c) protozoan cell contents have a density of 1

{d) dry weight = 13% wet &elght “

(e) “protozoan excretion rate<‘,0.57 pg—at N/mg dry weight/
hr. This value is the minimum déﬁérmined from experiments
with NWA tintinnids, all experimenﬁs being carried out at
10° C, thus assuming a lower excretion rate for oceanic pro-

T
tozoa.

Table 20 compares protozoan bijomass and excretion. Al-
though it would not ordinar11X:§Eﬁﬁ§gggtable to compare the
protozoa in the top 50 m with thé‘zdé%lankton in the entire
water column, the fact that the vast majority of the protozoa
is concented~in the top'go m makes this a reasonable procedure.
it 1s clea; from these calculations that the protozoa could
cont;;hi;ebsignlflcantly to the nitrogen content of the water
on the Scotian Shelf. In summed» the protozoan*biomass may
exceed that of the macrozooplggktoﬁ; Their contribution to
the nitrogen cycle is an order of magnitude greater than that
of the macrozooplankton. ,(The protozoa seem fo be able to
supply more nitrogen than the phytoplankton require, which of

course is theoretically impossible, Various possibilities for

error exist:

(a) underestimating the excretion rates of the macrozooplank-

ton

e

T s
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(b) underestimating the assimilation of the phytoplankton

(c) overestimating the protozoan biomass

R
-

' {d) temperature effects v

]

(e) protozoa not continually eating and excreting

A

\ (f) failure to take into account possible differences be-

tween NWA tintinnids and Scotian Shelf protozoa (overestimating

excretion rates).

There is no evidence to support the first two. The pro-
tozoan biomass estimates are probably conservative. In meas-
uring the length of tintinnids, for example, I disregarded the
membranelles and the pedicel. .
- It is likely th;t the values for March and June are ovet -
73 ’ estimates because the water temperature on the Sheig then wés

only 3° ¢c. On the other hand, the August values are underes-~

timates since the Shelf water temperature then was 17-21° C.

November values, when e water temperature was 9° ¢ should

@

ey

then be comparqg;g/with the experimental valles.
The last of the possibilities is probably the most Qalid
criticism. The abundancé of phytoplankton on the Shelf is much
less than in the NWA so the protozoa may not be as well fed
and may ﬁ;t excrete as much as in the NWA. We do noé know,
«for example, if ill-fed animals are able to achieve a higher

-+

assimilation rate of the food which they are able to obtain,

but this would not chahge the results very much. However, with
a lesser abundance of available food, food consumption may lie

near the lower end of the range described in Bection 5, with

. >

+

1

e
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correspondingly lower excretion. If we use the excretion

value gf 0.18 ug-at N/mg dry weight/hr 4?tained from a food

intake of 3 ug N/mg dry weight/hr (the latter value béing
derived from the feeding data), then the contE}bution of¢the
protozoa to the\;itrogen cycle of the Scotian Shelf would be
considerably reduced and perhaps more realistic. Again, it
should be emphasized that these determinations are rough ones
and more work in the field of protozoan excretion {especially
in open oceanic areas) will be necessary before the issue can -
be resolv;d. Also, we do not know how much protozoan excretion
occurs in the euphotic zone as opposed to how much is excreted
bélow this zone. If a significant amount is liberated in the
lower part of the water column, the rate of nutrient cycling
between phytoplgnkton and pfotozoa would be reduced. ‘
As a final note, on the August 1975 Scotian Shelf cruise
few excretion estimates of macrozooplankton could be made due
to the sparseness of animals in the area at that time. However,
protozoan concentrations were commonly greater than 10,000
individuals/1 in the upper 50 m of the water column. The phy-
toplankton at this time was completely dominated by very small
(<20 p) forms. In%uitively, then, given these high cell num-
bers and high excretion rates, it i1s likely that protozoa must

play an important role (at least in summer) in éutrient regen-

eration 1in coastal marine areas.

[
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7. SOME OBSERVATIONS ON POPULATION GROWTH AND .
* REPRODUCTION OF TINTINNiQS

i

INTRODUCTION

' The erratic abundance of tintinnids must be partly a
result of their reproductive rates. However, few determina~
tions have been made of these rates and all of the determina-
tions gave:been m?de with cultures oévfintiﬁnids. For example,
Gold (1970, 1971), has reportdl doubling times of 26 hours for

Metacylis and 2.5-6 days for Tintinnopsis beroidea. Beers and

Stewart (1970) reported that Favella serrata populations doubled

in 24 hours at 18° C in their lab, and they suggested that a

general doubling time for tintinnids would be 48 hours.” I have

been able to culture several NWA tintinnid species and have
thus been able to estimate their reproductive rates, which are

regprted here.

*

From

O# t?e other Qand, cultures do not always reflectbthe con—~

<
ditions fdound in the field. Lack of predation and abundant

A T A

food supply in cultures may shorten reproductive times while

absente of a vital nutrient or presence of an unsuitable food

source may lengthen reproduction times. Ideally, what is de-

sired is a method for estimating the reproductive state and .
rate of natufal populations. For tintinnids, many of which
possess agglomerated or arenacegus loricae, it is not easy
merely ‘to note the number of animals undergoing fission in any

given population.
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It has been noted by several workers (Hofker 1931, Bier-

»
’\

nacka 1965 and Burkovsky 1973) tha£ many tintinnid species
(and perhaps all of them) are able to add material to their
loricae and thus lengthen them throughout the life of the
animal (This fact, incidentally, makes lorica length a very
poor taxonomic éharac?eristic.). Gold ané Morales (1974a)
have pointed out that there are obvious differences between
juvenile loricae and loricae from past generations and that
these differences might be used to study population growth in
the natural énvircnmgﬁg;

éld (19742) has c;refully studied tintinnid loricae dur-

ing 6~8 day blooms of Tintinnopsis acuminata, T. dadayi and .

Tintinnidium fluyiatile in Eel Pond, Woods Hole. He noted the .

following "events" which correspond to similar events found

in tihtinnid cultures: I. an increase in the percentage of

[N

long loricae followed by an abrupt replacement by shorter

loricae (equivalent to the lag phase in culture); II. disap-

T ] . sk .
pearance of long loricae and linear increase in ghorter loricae :

4
o0

{equivalent to log phase in culture); III. the reverse of II i
(equivalent to stationary phase in culture). I have attempted

to determine population growth rates.using loricae lgugths for

several NWA tintinnid species, particularly Helicostomella

subulata, which undergoes several population peaks and declines

ety

during the 3-4 months it i1s found in the NWA.
Although the usual mode of réproduction among tintinnids

is binary fission, several species have been observed to undergo

v

O T e )
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. conjugation (Bresslau 1906, Entz 1909, Apstein “1895 and Silva i

»

1950). I have observed apparently conjugating pairs of Tin-

@

>
<

tinnopsis parvula and will discuss some of the aspects og the -

process.
Finally, because the presence of’cerpaln tintinnid Fpecies
seems to be an annual event of limited duratioﬁ, the question
arises as to what happens ﬁo them‘when they disappear from the
area. Tintinnid cysts have been repof%ed_by Biernacka (1952)
and Zeitzschel (1966) who suggesteg that cyst formation enables
tintinnids to withstand unfavourable conditions. Wailes (1924, .

1943) reported the occurrence of spores’in Helicosiomella sub- , .

o

ulata. I have observed what appear to be cysts among seve
tintinnid species but I question the existence of spores. 7

METHODS “ %

During summer 1974 I had some success in culturing several

tintinnid species-~Tintinnopsis sacculus, T. strigosa, T. kara-

jacensis and Helicostomella subulata. They would not grow at

2° ¢ but would grow at 10° C on a 16 hour light-8 hour dark .. '

cycle. The animals would not grow on unialgal cultures of -

Isochrysis, Monochrysis, Porphyridium, Dunaliella or Amphidinium

nor would they grow on a mixture of these, although T. kara-

jacensis was ultimately grown on a mixture of Rhodomonas,:
e e nd

Platymonas, Dunaliella and Isochrysis. Best growth was ob-
k) -
tained by feeding tintinnids on a mixture of unidentified nano- .

plankters isolated from the NWA., Tintinnids seemed to grow -

-

best in £/2 medium (in Stein 1973) but limited success was also .

N

o

-

5
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) eulturevany‘of tpe species.

n h In order ‘to assess the value of lorica length measurements

» ° as an indicétoé of the reproductive state of naturalﬂ%opulgg
tions, I measured 30 randomly selecte@ H. subuléta'loricae every
day during the éﬁriod 10 July-23 August 1975. Measurements
were also made on six other species, although not quite on so
regular a basis. These measurements were related to popula~
tion abundances. h

On 20 Marfh %ngjé sampled the sediment at Stat%on E in

the NWA using a small snapper grab. 0.5-ml samples of the

sedipgnt were observed using an inverted microscope in order
ot

to determined whether tintinnid cysts might be found in the  —-

sediment.

°

RESULTS

Figure 31 shows-growth curves for T. sacculus, which are
typical of the observed population growth in culture, and datg
for other species are illustrated in Appendix D, Figs. 1-3.
Appendix D, Figs. 4—2 show both the average lorica length and

the abundance of natural populations of H. subulata, T. sac-

] > L
culus, T. parvula, T. strigosa, Parafavella gigantea, T. kara-

¢

jacensis and Leprotintinnus pellucidus. Note the following

features of the growth curves: (a) the rather long lag; (b)
the exponential increase in numbers; (c) the even more rapid

decline in the populations. ’ :

<2 achieved‘with Gold's (1968) D medium. I was not able to sub- \\\\

N
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Figure 31. Population growth of Tintinnopsi§ sacculus

in culture.
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’ Table 21 presents popu%gtion doubling times in days as

inferred from (a) cultures, (b) times 'between peaks on the

NWA abundance curves and (c) times between troughs on the
lorica length curves. This iast measurement is based on thé
hypothesis that quickly reproducing populations produce‘éhorfer
loricae because there is not enough time between divisions for

the loricae to grow longer.

Table 21. Population doubling times (in days) inferred from
(a) cultures (b) population abundance and (c) lorica length

SPECIES CULTURE ABUNDANCE LORICA LENGTH
H. subulata 3 2~8 2«6

T. sacculus 3-5 4-5 5-7

T. parvula - 4 3-7

T. strigosa , 3-9 . 3-6 2-6

P. gigantea - 2-8 3-7
T, karajacensis 1-2 4-¢€ 5-5

L. pellucidus - 4 3-~7

2

Correlation between abundance and lorica length of Para-

favella and Leprotintinnus was negative but barely significant

(correlation coefficient of -0.55 and -0.54 respectively).
Correlation for T. sacculus and for T. strigosa were also
negative but not significantly so (-0.31 and -0.29 respectively).
There was no correlation between abundance and lerica length

¢ ~»
for Helicostomella, T. karajacensis or T. parvula. It would

appear from the graphs that the average lorica length of Heli-
{

costomella generally increased as the season progressed while

that of T. sacculus generally decreased. Lorica length of T.

<
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parvula and T. strigosa did not much change from their initial

appearance until their decline despite several peaks during

S
e

this time. Toward the end of their respective blooms lq;iba

lengths of Parafavella and T. karajacensis tended to decrease
= {

Y

while those of Leprotintinnus increased, There was also no

significant correlation between the chanée in population a-
bundance and average lorica length for any of the species.
Observations of tintinnids in culture have revealed Fhat
the animals (partiézlarly the agglomerated fgrms)_tend to losé
the ability to produce loricae. For example, on lé January

1975 a culture of Tintinnopsis tubulosoides was bequn from a

freshly-collected net tow off Coney Island, New York, Within
a few days the loricae became more hyaline due to the lack of'
particles:hlthecqlture medium. The average lorica length at
the time of collection was 86 y. On 29 January the average
loric; length decreased to 48 p; on 5 Feb to %éxu; and on 18
Feb to 27 p. Such changes are represented in Appendix B, Figs.
20-24., 1In addition the percentige of non-loricate animals in-

creased from 0% on }4 Jan to 26% on 29 Jan to 35% on' 5 Feb to

"59% on 18 Feb. Cul%gres of non~-loricate tintinnids may remain

viable for a short time but it has been my experience that such
cultures die out rather rapidly.
Animals which/appeared to be conjugating have only been
/

observed among Tintinnopsis parvula which were observed in pre-

served sanlples during July and Sept-tov (Appendix B, Fig. 10).:

No other species were observed in conjugation and the entire
f
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N

brocess of conjugation was not observed, even in T. parvula.
No at -empt was ma@e to determine the prog?rtion of the popu-~ o
lation undergeipg conju&ation except on 15 Sept 1975 when

6% of the population appeared as conjugating pairs. -

What appear to be|cysts have been observed nmost often in

Helicostomella (appendix B, Fig. 25), occasionally in Lepro-~
‘ )

tintinnus (Appendix B, Fig. 26) anE\Eice in Acanthostomella

Ny

norvegica (Appendix B, Fig. 27). These cysts are somewhat
amorphous structures surrounded by a thick wall. Staining with
oé04 revealed large amounts of osmiophilic material, probably

lipid. During 1975 Helicostomella cysts were first Sbserved

on 12 Aug and were seen regularly until sampl}ng ceased on

12 Oct. TUsually <1% of the loricae contained cysts except
ﬁ&ring 16~19 %ng and 4-12 Oct when about 3% of the loricae con-
tained cysts. At most, 5% of the loricae contained cysts.#;ék
Few cysts were observed during 29-Aug 9 Sept. Excystment was

not observed, but Paranjape (personal communication) has ob-

served cysts to development into-normal Helicostomella some

two months after encystment, Biernacka (1952). reported that
the process of encystment takes about 6-8 hours to occur.

The sediment of the NWA at Station E consists of a fine

mud (particle size <150 u) which is very black and very foul.

¢
#

99.9% of the loricae found were those of Tintinnopsis parvila

ifAYarious stages of decomposition. No trace of a Helicosto- ,
mella lorica was ¥ound nor was anything seen resembling a tin-
tinnid cyst. i

Spores similar to those pictured in sketches 59 Wailes
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{1924, 1943) are shown in Appendix B, Figs., 28 and 29. These
"spores" have never been observed to develop further and it

)
is thoyght that they may in fact be a result of parasitic in-

fection of thé tintinnids. They were only ‘thserved in Heli-,

AL

costomella during Augqust, the maximum number of animals being

o

infected 'beaing 2.5% on 20 Aug 1975. ) w

DISCUSSION

Cell nuﬁbers attained in culture were as great as and
usually greater than those encountered ip tpe ;ield and the
abundance may be near the ll%it attainab;; En batch culture.
Gold (1970), however, has attained abundances of >1000/ml.

Certain<?eatures of the growﬁﬁ‘curves appear repeatedly
with several species. The rather iong lag period in my cul-
tures may be a result of the following- {a) too few initial
isolates (Note the reduced lag perlod for T. karajacensis

h“‘

when the initial number of isolates was quite high.); (b)

overfee&ung, which can lead to clogging of ‘the membranelles,

{c) adaptatlon to a new'ﬁiht. The rapid 1ncrease in cell

numbers may occur after sofme conditioning of the environment

by the tintinnids. fThe rapid decline in the cultures parallels

the same event ain the ﬁiéld, but as was pointed out in a pre-
3 .

vious section, the demiifiof the cultured population is more

probably due to a build-up:of metabollc wastes rather than to

predatlon, dlsper51on and food exhaustion which %ra the prob-

On the other

-

able causes of populatxon decline in the field.

T
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hand, it.cannot be:ruled out that tintinnids in general have

a x;ther definite but ill-defined life span an culture as ok

was noted by Webb and Francis (1969) for cultures of Stentor. e
Fenchel (1968) presented a graph relating generation time

of bénthic cilia#es (whicﬁ ranged from 2.4-46 hours) to their

body volume. Singe the average body volume (excluding lorica)

. o ol

of, tintinnids is abautﬁiﬂg\pB, their generation time should

£

be about 25 hours, which does not agree particularly well with
my V§1ues. Howe&er, considering the unknown effect oﬁgghe
presence of the lorica and the fact that m§ cult;;esiﬁzre V
grown at 10° ¢ as opposed to Fenchei's work at 20° ¢ (10° C .
is a more realistic environmental temperature, at least for
tintinnids), then my values are probably realistic.

Generation times as inferred from cultures, natural )

abundances and lorica 1ength‘are in fair agyeement despite
the lack of correlatién between the latter two. What correla-
tion there is may, in fact, be fortuitous, despite the apparent-
ly valid reasoning for the iﬁistence of such a correlation.

Reductlon (or extension) of cell size (or 1or1ca size) .
for one reason or another is fairly common. Gold's (1974b)
work onbthe reduction of tintinnid lorica length during rapid
reproduction has already been mentioned. During the January
1975 Tower Tank bloom the lengths of T. stfigosa, H. subulata

and T. karajacensis were 83, 172 and 84 p respectively. NWA

popéiatlons of T. strigosa, H. subulata ang T. karajacensis . ,

-

f *
had average lorica lengths of 87, 239 and 120 u respectively.

< -
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Summers (1963) noted this same phenomenon in Tetrahymena pyri-

formis; 1.e., during log phase there was a decrease in indi~

vidual cell size and the cells were smallest at the end of

a

log growth. Cell size increased during stationary phase.
; Summers also noted a decrease in cell volume with an increase
in teméerature. Gold (1974a) noted this phenomenon in tin-
tinnid lorica length whose decrease at higher temperatire he
aétribuéed to faster reproduction at higher temperatures. Bur-
kovsky, (1973) presented a series of lorica length vs. frequency

“ t

curves forvParafavella denticulata, which showed a progressive

lengthening of the loricae from summer to winter. These curves

. -~ are remarkably smooth{and it would be interestindg to pursue
%:g this type of analysis with othér species, Unfortunately, none
. i . o;xkﬁf NWA species is presenﬁyall year. .
-”§ ﬂany plaﬁkﬁonic organisms exhibit cold~ and warm-water

ecotypes—~adaptations towardé optimum area:volume rgtios %n—
water of different densitiés. If one wants to use'lorica ‘
lengths to assess reproductlée gétes the question arises as

to’kqw one separates direct temperature effect on tpe'}orica
from the reproductive effect.\

“Other factors also confuse the relationship. The decrease

+ in lorica-forming ability of tintinnids in culture has been
. %

e rrmn

mentioned, and the lorica size of several species declined
toward the end of their residence times in the field. Hence,
a decline in the lorica length may mMerely indicate the decline
in the viabality of the populatiop as a whole rather than

e indicating increased reproduction. -

i
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Kimball, Caspersson, Stevens and Carlson (1959) poiﬂ%ed

out that Paramecium aurelia decreased in size in a food~limited

situation. How does one separate nutritional effects on size

~

from reproductive effects? ’ '

What happens if preﬁators selectivelg consume smallef
foéms~~or larger forms? This, tco, would interfere with the
use of lorica lengths as an indication of reproduction rates.

*Finally, the behaviour of certain tintinnids may also
cloud the issue. For example, Hofker (1931) stated that some
agglutinated species pile up matter around the oral opening

just before division, thus lengthening the lorica. I have

& '

observed this phenomenon in T. parvula (Appendix B, Fig. 30)

and in T. strigosa (Appendix B, Fig. 31). Thus, longer lori-
* /
cae rather than shorter 1or1cae£z§ﬁld be an 1ndicati0&_2£\?gq
) &
production in these species. A /ﬁ, in T. sacculus, the long-

El

est loricae often contain two i?éividuals (Appendix B, Fig.

32) as if the new lorica is almost completely formed before

T

the two individuals finally separate. Again, long loricae

rather than short indicate reproduction.

-

- In short, there are many difficulties with the lorica

length method of d%seééing reproduction rates. However, a

. knowledge of individual "speries biology and a knowledge of

population abundance may st1ll enable us to use this method
effectively in the field, particularly since tintinnids seem

to do such anomalous things in culture.

- . ) 135}
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The decrease in lorica size and the production of anoma-
lous loricae in culture has been observed by Gold (1969b).
The total loss of loricae in cultures has been observed by .

Gold"and Morales {(1974b). Although they were able to increase

et =

the number of loricate animals from 2% to 20% in some of their
cultures by adjusting the temperature, the fact that non-
loricate tintinnpids are rarely found in nature and the unfail-

ing demise of non-loricate tintinnid cultures indicate to me

R LIRS

that loss of the loyica represents a manifestation of physio-
logical distress and loss of viability.

A considerable amount,has beeh written about tintinnid
conjugation but the process remains rather obscure. Consider,
for example, the gentle controversy as to how conjugation actu-
ally occurs. Bresslau (1906), Silva (1950) and I maiﬁtain that
conjugation occurs in an oral end to oral end positieon in

Stenosemella nucula, Tintinnopsis ventricosa and T. parvula

respectively. Gold (personal communication) maintains that

it occurs with the animals actively swimming siﬁe by side.

Entz '(1909) futher clouds the issue by presenting Favella
conjugating side by side, oral end to oral end and oral end

to aboral end. Apstein (1895) wrote that he observed Tintinnus
ampulla swimming in pairs side by side for several hours and
concluded that they were conjugating. hLowever, he also stated

that Codonella lacustris conjugated in an oral end to oral

end position. The objection has been raised that oral end to '(
EA

oral end €onjugation does not allow the animals to swim during

£
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the process. Other protozoa (Stentor, for example) become
r |

almost motionless during conjugétion (Webb and Francis 1969)
and T maintain that swimming would be a waste of energy dur-
ing a rather eritical period in the life of the tintinnid.

If tintinnids are like other plainktonic ﬁ‘i&i’afes the process

does not take long so smnkiqg would not be too extensive.

Sinking may not be important anyway in shallow neritic waters.

Conjugation has not been reported for open oceanic species.

I found the greatest number of T. parvula and the greatest

"number of apparently conjugating pairs just off the bottom

at Station E in 1972 so they probably do sink. A non-swimming

conjugating pair‘may be less noticeable to predators as it
sinks into deeper and darker water. Finally, a closed oral
end to oral end position perhaps provides a stronger bond
than ‘the open,"free—swimming side by side position. I sug-
gest that the tintinnids may separate and swim side by side
for a ;ime after the exchange of nuclear material has been
completed. On the other hand, conjugation may occur in di%m
ferent ways depending on species.

An even more important question than how is why do tin-
tinnids conﬁugaté, besides merely to renew genetic viability.

@

What initiates the conjugation process? Nothing is known

about the factors influencing tintinnid conjugation. Webb and

Francis (1969) pointed out that Stentor coeruleus cultures al-

most alwalys exhibit conjugating pairs between the 7th’and 18th

day of their 30-day life span, suggesting that this is an in-

herently timed process. They also stated that conjugation

¢
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occurred during a decline in the food supply. Sonneborn

(1939) found that Paramecium aurelia did not conjugate when

overfed or completely starved. Giese (1939) believed that
food supply was the most important factor in inducing conju~
gation in Paramecium multimicronucleatum. He found that a

-

decrease in food supply following a period of plenty was re-

-

quixred for, conjugation. The process of conjugation and the

factors affecting it in tintinnids are an area for further
S

Study . / - -

Another pré%sing problem concerns where the tintinnids
go when they are not in the plankton of a given area. Heli~

costomella subulata is a case in point. It is totally absent

from December until May in the NWA. If it forms cysts, what

happens to them? Why is there no trace of Helicostomella

loricae "1n the sediment? They may be washed out to sea but

Helicostomella is very rarely found in open oceanic areas and

it seems clear that population growth in the NWA is initiated
well within the NWA and 1s carried offshore. Zeitzschel (1966)
believed that oceanic species formed cysts which remained in
the loricae and floated while neritic species formed spores
which sank. 'I found no evidence of either in the sample that
was examined, but this hardly constitutes a thorough search.

At the moment the question remains unresolved. s

w
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. 8. SUMMARY

»

1. The species composition, distribution ard abundance of

tintinnids and other protozoa were in&estigated during a

Nova Scotia, during a one~ye§§ study of the Scotian Shelf

and during a two-week study of Nain Bay, Labrador.

four-year. study of the North West Arm of Halifax Harbour, s
. : . ¢
2. Tintinnids in Canadian waters tend to occur with greatest ’ ?
abundance during summer and fall when their abundance may J
A
exceed 40 indaividuals/ml. During the rest of the year tin- g

tinnid abundance remains very low.

3. The presence of all species of protozoa is marked by ¢
huge variations in abundance over very short periods of time
(i..e., less than one day).

4. Many of the species (especially the tintinnids) are very -

transient, appearing the disappearing very quickly (i.e.,

within a week).

%. During the occurrence of tintinnids in summer the phyto-~
»

plankton i1s completely dominated by nanoplankters on which the

tintinnids must certainly feed. /

6. The oligotriphous strombidia are numerically much more

¥

abundant tﬁan tintlinnids or any othér group of protozoa but

little is known about them. The gymnostomatid Cyclotrichium

meunieri also often equals or exceeds tintimnid and strombidia
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abundances but little is Known about it either. The two most

abundant tintinnids in the North Wést Arm are Helicostomella

_subulata and Tintinnopsis parvula.
.

7. The control of tintinnid populitions in the field is moi$

likely food supply modified by complex interactions with gra-

zers, temperature, reproductive rates and perhaps even weather

4

and the tides.

8. Tintinnids can consume from 0 to 75% of their body volume

N

per hour when feeding on microflagellates.

9. Filtering rates of tintinnids feeding on microflagellates

range from 0 to 5 ul per hour.
10. Helicostomella subulata can consume z;*géi;:\bungliel '

170 Isochrysis, 11 Monochrysis, 46 Platigonas or 3 Rhodomonas

cells per hour.

11. There is a positive correlation between abundance of nano-
plankton and abundance of tintinnids in the field, and there
are indiqgtions that tin§innids may easily control the abundance

-

of natural populations of such small'flagellates.

12. Tintinnids do not excrete amino acids but may excrete con-

6 _

siderabler quantities of ammonia {average rate of GGQleO"
ammohia-N/animal/hr) and urea (average rate of 4.43x1q—6 M
urea-N/animal/hr). These rates are sufficient to supply 25-
30% of the nitrogen requiiement of the No;th West Arm phyto-
plankton and are one to twgkorders of magnitude higher than

LS .
the eg%cretion rates of marine macrozooplankton.

.
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‘13. Reproductive rates of tintinnids range from 1 to 9 days,
averaging 4 days. These rates were d termined for cultures
and also for field populations usingfzbundances and lorica

lengths as indicators of reproductively active populations.
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Figure 1. Abundance
December 1974

Figure 2. Abundance
30 April 1975 ¢

Figure 3. Abundance
1975

Figure 4. Abundance

October 1975
Figuﬂ?ng‘ Abundance
17 December 1974

Figure 6. Abundance
30 April 1975

Figure 7. Abundance
July 1975

Figure 8. Abundance

October 1975

Figure 9. Abundance
4 July 1975 :

Figure 10. Abundande
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Strombidium sp.: 1 May~

Stromﬁidmum calkinsi,
Strombidium strobilus:

Figure 1l. Abundance of Strombidium sulcatum:
23 January-26 March 1975

Figure, 12. Abundance of Strombidium sulcatum:

Figure 13. Abundance of tintinnids: 1974 and’'1975

4 May-19 September 1975

Figure 14. Abundance of tintinnids: 1l Octocber-

17 Dece 1974

Figure 15. Abundance of tlntlnniﬁs: 23 January-

30 April 1975

Figure 16: Abundance of taintinnids: 1 May-31

July 1975

Page

AL

A2

A3

A4

A5

A6

A7

A8

A9

alo

All

Al2
Al3

al4

Al4

Al5

150




- - e v 2 B

e gy g ¢ i ¥

-

-

Figure 17. Abundance of tintinnids: 1 August-~
12 October 1975

Figure 18. Abundance of Helicnstomella subulata,
tidal range and taime of sampling: 16 June-12
October 1975

Figure 19. Abundance of Leprotintinnus pellucidus,
Tintinnopsis karajacensis, Tintinnopsis sacculus
and Tintinnopsis strigosa: 1 May-6+July 1975

Figure 20. Abundance of Tintinnopsis parvula:
1 June-=7 August 1975

1

Figure 21. Abundance of Parafavella gigantea:
17 August-20 September 1975

Figure 22, Abundance of Cyclotrichium meunieri:
11 October-17 December 1974

Figure 23, Abundance of Cyclotrichium meunieri:
23 May-14 August 1975

Figure 24. Abundance of Euplotes sexcostatus:
13 April~-20 July 1975

Figure 25. Abundance of Mesodinium pulex: 26
April-4 July 1975

Figure 26. Abundance of Tontonia gracillima:
12 April-~7 August 1975

Figure 27. Abundance of NWA adult copepods:
1972 and summer of 1973 (circles indicate 1973
values) ’
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Table 1, NVA protozoa abundanece (#/1): 1972-197h4. Strombidium sp. W

* (S.5p.) ; Strombidium clakinsi (S.cal.), Strombidinm conicunm
3

(S.con.), Strombidiun strovilus (S.otr.), Strombidium snlcatum
(S.sul.), Tontonia gracillima (T.z.), Cyelotrichium mennieri (G.m.).

ST
" 7

*»

DATE 8.5P, S.0AL. S,00N. S.SPRe S.UL. TeGo C.M,
16 Mar 72 1226 626 .
22 Mar 72, 1889 28 . 57 T 386
29 Mar 72 569l 27 37 37 229 825 2322
54pr 72 3926 - 8% 2558
12 Apr 72 825 100
192 Apr 72 L692 36 100 o Th8
26 Apr 72 2791 57 722 88 110k , 86
3 May 72 2582 63k [IV] 67 o2 - ha2 . L+
10 May 72 6211 68 637 &Y 51T - 166 7830
17 May 72 3658 118 65 302 13 20 12258
2 May 72 2792 238 142 Lk 336 - 253 95h3
3N May 72 1403 .13 21148 . 3087
L June 72 7617 121 2190 Bos  138L Lo 5588
28 June 72 8436 242 3610 17h 5698
12 July 72 9820 1 7538 3520
26 July 72 1049 7978 1 ~2303
9 Aug 72 Caut 5h 2158 2L 65h
23 Aug 72 76L 12 225 369k 25 190
6 Sept T2 1518 340 168 3326 - 10 332 -
13 Sept 72 173 W - 1k 63 sl -
20 Sept 72 2507 1,83 2081 855 3738
27 Sept 72 186 © 120 59 3087 282 L7k
L oot 72 . 186, 228 5h 9 1 2880
11 Oet 72 Y 687 by 128 2020 167 15227
25 Oet 72 36431 970 662 ) 1 302
. 8 Nov T2 356 63 9l8 552 12 2538
22 Nov 172 300 : 13 1 .L50 2h 851
6 Dec T2 308 128 155 10 h2
. 18 Dac T2 821 L L97 L 536
h Jan 73 1073 22 3ho 22 63
17 Jan 73 533 578 27 697 1226
5 Juns 73 15756 708 533. 165 2185 C 2 88hh
20 Juns' 73 1578 179 1 2320 1248 7307
10 July 73 1244 6 256 1782 328 SN2
18 July 73 - “1462h b 706 248 sl 21371
1 Aug 73 338l 668 4637 12l 8813
15 Avg 73 8h9 3k 68 .ow 62h 60 725°
29 Aug 173 2025 7% 982 h 579 120 550
12 Sept T3 556 18 333 9 1shs 302 2h36
19 Dec 73 376 ; 268
10Jan Th » 85 537
25 Jan‘ 7h . 2
1 reb 7h 1,83 4

- -y ek AW}- el
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Table 1, (continuad)

T pomporak Y B e e ey W e 4

DATZ 5.8P.  S.CAL. S.C'»ON.‘S;SPR. S.SUI.. TuG. C.M. |

Pt » i 3 ko e e A - X AT

-

22 Feb Th t 9887 5l
1 Mar Th 89 18 2L 10883 72
8 Mar Th 9k 18 ©1557 13k
15 Mar 7h 1k 27 107h 1l 5k
22 Mar Th Sh 18 197 . 13497 . 36 895
29 Mar Th 27. 134 268 10146 .3
5Apr Th 8 5k . 188 1601 108 217
17 Apr Th 107 268" 30
2 apr Th 376 121 349 2635 202 27
5 May 7k 107 322 107 322
15 May 7k 27 Sk 5k 13k 27
29 May Tk 38k 72 - 18 1378 | 1450
11 June 7h 626 286 16 g5, 1915 161 3601
26 June Th 30k 36 215 % 55y 573  69hs
11 July 7h ) 36  3e22 181
25 July-th . , 20621 .
1 ag 7h - 6lh -107 -
7 Aug Th , . ) 2219 . " 143
22 Aug 7h 2255 107
2l hug 7h : sh 19325 * h3o
27 Aug“. Th o i . L9210 - ¢ + 80
i Sept Th 268 322 322 8215 10633
S Sept 7l - 161 27 - I 3920 22 171372
12 Sept 7h 107 161 1500 11116
18 Sept U4 ., Sh - C 967 sk 1anr
25 Sapt Th 1h3 18 5l 1826 .+ 12083
26 Sept h 537 « 107 1611 L 837 9666
7 0ct 7h sk - .. ° Bk o A7 Sh
10 0ct 74 - . 215 1665
11 Gt 74 268 ) : 3866 618 8270
29 0ct W 107 81 27 537
31 Oct “7h - 1799 134 14096 3598
TNov 7h . 349 Lls30 sh' L56L
il Nov 7k 27 oo 295 - s10
2 Nov W' 107 - , . 161 81
28 Nov 7k 215 o . 107 20j1
S Dac” Th fa ’ eha - 806

12 Dec 7l 161 o .21 3h . 8 376

[¢]

. By, r
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Table 2. * NWA tintinnid abundance (#/1): 1972-197L. Helicostomella

subulata (H.S.), Leprotintinnmus pellncidus (L.P.}, Parafavella gigantea
(P.G.), Tintinnopsis karajacensis (T.K.), Tintinnopsia parvela (T,P.),
TMntinnopsis sacculus (T.SACY), Tintinndpsis strigosa (T.STR.).

.
&

T -

DATE H-So a ' IJ‘P. F-Gn TQK. Tupc TlSAco TQSIR.
16 Mar 72 , T 20
22 Mar 72 14 )
29 Yar 72 T

5 Apr T2 52
12 Apr T2 2y 828
12 o 7§ * ;18 28
26 fpr 7 ..

1@%\12 100 -
17 May 72 5h
2L May 72 , 20 7 .

L June 72 Lo * 1} ol . A 295
28 June 72 . 202 27 . 52h 8L3
12 July 72 . . 4981 134 1181 81
26 uly 72 - 17178 959 14 53706 b,

9 Mg 72 11176 23k 16l
23 Aug T2 1106 237

6 Sept 72+ 2250 : 32
13 Sept 72 C a3 7 Wy
20 Sept 72 2176 g b "

27 Sept T2 2864 28 12 N,

I Oct 72 + 1015 .7
11 Oet 72 - 560 912 .
25 Oct. 72 ¢ 216 1526 192

8 Nov T2 31 * 2930
22 Nov 172 29 627 .

13 Dec 72 . ‘l? Sg?
Dec 72 ‘ 2 ‘ , 269
73, 9 kS
" 73 18 - 9 L
2 73 280 1l mn
e 73 - 81 . 69 81
Wy 73 MM N 21y 2l
18 July 73 235 T 1 257 .

1 Aug 73 1243 110 237 32 .
15 Aug 73, 1766 240 v
29 Aug 13 1543 37" b 67
12 Sept 73 37h 9 128 )
19 Decs 73 , ! Sh o
25 Jan, Th / gh,

Mar Th ~ 27
18 Maxr Th . i » . 1L,
. 22 Mar Th 18 .
» T 9 !

- P oy
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Table 2. (continued)
DATE _ H.S. L. PG, T.K. _T.P. T.S5AC. T.5TR. . ,
29 Mar 7k ‘ 28 27 ,
5 Apr 7h gy -
2l Apr Th > b 1 5k Lo :
5 Yay 7k 513 268 107 5800 g
15 May 7L v 2228 27 5k . 5% ¥
29 Yay 7h 108 L 72 .
11 June 74 172 18 36 36 ,
26~ June Tk 598 18 125 #8 2238 161 1
M July 7h 967 e e, ‘ 430 '
25 July 7h - 2309 . .
1 Aug T7h 632l 52 AR °
7 Mg Th 1897 18
22 Aug Th 2900 . ,
2h Aug Th L2g6 - b
27 Mg Th 2228 .
L Sept 7k 1430 =
12 Sept Th 197h . . .
18 Sept Th 376 T
25 Sept Th . 1880 - . (
26 Sept Th 178 2. 322 J,
7 Ot 7h 376 1
10 Ot 7h 37 .
1 0t 7l 295 . 8 @
29 Oct °7h 134 483 £
31 .0ct Th 5h 21%
7 ov 7k sk 2L2
WNov 7 | 13k 510 .-
22 Nov 7h /o 376 ¢ .
28 Nov' 7h 5h 81 .
5 Dec 7h . sh ‘
12 Dec Th é 134 ., .
- AN
. A .
O
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APPENDIX B ’

.
[

2

Figure 1. Strombidium sp. Diameter 30 u.’ Lorica spherical, .
very delicate, extending over the major portion of the body.

N g
Figure 2. Strombidiumgcadkinsi (Faure-%gemiet). Length =100 u.
Diameter *80 p. Iorica conical, very delicate and hyaline;
caudal npgeess present. ) ‘

Figure 3. Strombidium conicum (Lohmann)<{ Length 40-75 yu.

Diameter 35-55 y. Lorica conical ‘with fine longitudinal lines;

fundus acutely rounded, ' .

Fiqure 4. Strombidium strobilus (Lehmann). Length 8§-97 u.

Diameter 55-68 u. Lorica helical with 4 or 5 coils; péristome
- more or, less contractile. |

s a o

Fiqure 5. Strombidium sulcatum. Length 20-30 p. Diameter

+ 10-20 u. Lorica delicate, conical, covering only the, posterior

-

portion of the body.

Figure 6., Helicostomella subulata (Ehrenberg). ILength 150~
340 py. Diameter 20~27 u. Long narrow ¢ylinder contracting
gradually to slender, often&slightly curved pedicel} 1-41
spiral turns in upper part; upper edge of spiral band denticu~-
late. . -

.
3

Figure 7. " Leprotintinnus pellucidus (Cleve). ZLength 147-300

. Diameter 40-50 p. Lorica more or less cylindrical, open
aboral end narrower than oral often after a slightly constricted
area; sparsely agglomerated. : '

“

Figure 8., Parafavella gigantea (Brandt). Length 270-520 u.
Diameter 61-68 u. Elongate, cylindrical, sometimes with slight
flaring mouth; pedicel up to % total length; oral rim den-
ticulate; hexagonal: reticulation absent on pedicel. ;

Figure 9. Tintinnopsis karajacensis (Brandt). ZLength 67-.
(/127 p. Diameter 47-50 p. Cylindrical with rounded aboral

e

b

nd; sometimes slightly expanded at mouth and lower 'part of
owl; arenaceous. . '

Flgurehlo.? Tintinnopsis parvula (Jorgensen). Canjuggting
pair at raight. Length 40-90 p. Diameteér.37-43 p. Slightly
expended below anterior region; pointed aborally; arenaceous,

&
»
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, _ Figure 11l. Tintinnopsis sacculus (Brandt).

153

Diameter 40-67 u. Cyllndrmcal, with rounded aboral end;

sparsely agglomerated.

'S

Figure 12. Tintinnopsis strigosa (Meunier) .

Diameter 33-40 yp. Cylindrical with sharply pointed conical

aboral end.

9

Figure 13. Cyclotrxchlum meunieri (Bary and Stuckey).
of the, animal in the living state. Length 80-~100 y.

m;ddle. ’

’
LR
-

£

Length 67-203 .

Length 43-153 yu.

Sketch

Diameter
19-41 u. Anterior half domelike, posterior half extended;
greenlsh—maroon chronatophores; broad ciliated band around

Figure 14. Cyclotrichium meunieri. Animal preserved with

Champy's fixative.

~

Figure 15. Euploteé.éexcostatus. Length 50-80 u.

e
.

cirri. p
‘ )

38 u. Movement rapid.and sudden; when stattionary has

Fi 16. Mesodinium pulex (Claparede and Lackmann). % ngth
agpearance of a heliozoan; colourless; central rows of cilia;

tentacle~-like retractlle process’ around cytostome.

L f
Diameter

33-58 p. Body broadly ovoid, compressed; dorsal side with 6
longltudlnal ribs, véntral side thh 9 anterior and 6 posterior

the

" Figure 17, Tontonia grac1111ma (FaG;ELFremlet). Length 48—

Figure 18. TlntlnndbSLS'karagacensms with at least 11 Rhodo=~

monas lens inside. Anaimal length =100 u; dlameter

[y

* =52 p., Caudal process about equal to the body length.
¥

=50 u.

}Flgure 19.' Parafavella gigantea with aliost the entlre body
diameter
"

occupled by Dunalxel}a cells. Lorica length =380 u;

*65 p. Animal 1ength =150 uu‘diameter =60 p.

Flgure 20 Tintirnopsis tubulosoides,
Jan 1975. Lorica length 84 T

3
Figure 21. Tiht¥nnopsis tubulosoides,
length 80 u. ,

’

' Figure 22, Tintinnopsis tubulosoides,

length 50 y. ‘

Figure 23. Tintinnopsis tubulosoides,
length 32 . .

Figure 24. Tintinnopsis tubulosoides,,

1ength 617 ]J - ] P " L
( ’ 1

freshly collected, 14,

18 Jan 1975.

'29 Jan 19‘7;-.

5 Feb 1975.

<

18 Feb 1975.

Ll

a1
L]

Loxrica

*

' Liorica

Lorica
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Lorica
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Figure 25. Helicostomella subulata cyst.
Figure 26. ~Leprotintinnus pelllcidus cyst.
1‘ & - »
Figure 27. Acanthostomella norvegica cyst. >

Figure 28. Helicostomella subulata "spores".

2

Figure 29. Helicostomella subuylata "spores”.

Figure 30. Tintinnobsis parvula showing adition of materizl
at the oral-opening prior to division. Lorica length 77 u.

S 4
Figure 31. Tintinnopsis strigosa showing Sggition of material
to the oral opening prior to division., Lor@#da length 80 u.

Figure 32. Two individuals of Tintinnopsis ‘sacculus in one
lorica. Lorica length 220 u. :

» - .
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TABLE 2.  SUIDMARY OF TOTAL NUMBZR OF PROTOZOA PER LITER

: \ STATION NUMBER

— N T S—————— ot R o> T 5 T B 5 G M. W s % e

\
- CRUISS  2{m 1 2 3 ! 5 6 7

) MARGH 0 . ‘295 886 115, 1503  L30 1463 86L
'* (S5III) 10‘\ W89 1Sk 792 107k Shk9 1503 186
25\ 1274 8713 793 938 1060 166 Lk

. 50 502 281 623 482 215 1048 375

7\ 38 17 107 146 213 106

100 200 é5 227 119

& 150 . s 146 92

200 - 67 "v& 26 160

) JUNE . 0 1415 200k 768 & 127v 2435 2078

{ss1) 10 699
, ‘ 28 - 1352 1226 618 770 859
, ‘ : 50 1298 252  2ls3. 609 1145 2525
' 75 22 1030 —H3 51D 5l

190 304 556 NN 987

150 180 - ©162 288
200 198 - 162 1485.

AUGOST 0 15370 6592 5510 8430 = 1035

S (ssIv) 19 9586 6591 570h 7 10362 2737
’ 25 2939 6630 1987 12124 135}
. 50 1675 1502 571 1867 10559

75 591 750 588 347

10 336 577 186

N 50 147 159
. 200 307 133

- . 250 133 137

s N {

, NOVEMBER 0 1559 1541 20h2/ 3428  11h6é 2385 . 8335
f (Ss11) 10 2365 1478 985 1881 1736 2132 1359
N 25 878 Lh9 1129 788 2650 1003

‘ 50 104 305 156 27h &8l 148
t . 75 180 358

100 "7

fr v 159" 81 '
% 200 45 y
‘i‘ P *
%
§
§

SR
-l

L
-

L U
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TABLE 3. SUMMARY OF THZ NUMBR OF SPCIES FOUND
. STATION NUMBSR s
CUISE  Z(m) 1 2 3 b 5 6 7
MARCH <0 8 10 0 9 3 9 10
(sSIII) 10, -8 10 ' 9 7 é 7 7"
25 9.. 10 9 8 7 7 6
50 7 5 9 7 6 -9 8
75 7 5 10 3 6 8 5
100 5 5 . 6 6
150 ! 7 5
\J 200 3 2 6
JUN= 0 6 7 5 .6 8 10 14
(saI 10 L
25 i 5 7 5 5 9 i
50 7 7 8 6 9 13
75 L é h 1 3
100 L 9 6 12
150 5 5 9
200 b L 1h
AUGUST 0 13 13 12 . 19 17
(ss1Vv) 10 10 12+ 12 19 )
25 10 12 9 18 1}
50 13 10 8 10 .20
75 B 10 9 1
100 . 6 7 8
150 | 5 7
200 ’ 10. 6
250 g 7
NOVEMBER 0 10 11 10 10 . 8 10 7
(ss1I) 10 1 13 7 1 10 1" 7
25 -8 7 9 9 10 1"
50 5’ 5 6 7 7
75 2
100 A
150 L
2
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TABL: h.
‘ smms NUMBER
CRUISE - Z{n). 1 2 3 L 5 6 7
mac}z - ‘5 ¢ 1,799 20 1.78h 1,18 1.252  t.040  1.840
{8STI1) 0 1Lh9? .353 1.728  1.419  1.380 1.228 T.722
25 0.921 86 2,012 1,255 1,811 T.h58  1.67L4 P
«50 0,800 1,178 1.868 1.h93 1.633 1.370 1,769
T e Y15 1.386  1.L468 097 1,421 1,748 1,368
- 100 1,263 1,609 1498 1,672
© 150 1.846 1.h75
200 ! 1.055 0.693 1.633
JUNZ 0 1.b35% L6368 1,195 178 1.69h  1.266 1,736
(s51) 10 1.01} ) o
° < 25 0316 1 .1 80 1 -31[.0 1 .?60 2‘U70
. 50 1.451 0.596 0.89h 1.h23 1.973 2,108
.75, J79 1,056 0.86 1.415  1.098
100 0,901 1.851 1.668 2.205
150 4 o118 1.823 1,923 (
200 ‘ 1.162 1.273  2.118 ‘
August o 1.377.  1.260 1.377 1.700 1.901
(sstv) <« 10 1,398 1,394 1.129 1.823 1.978
.25 1.18% 1.3%6 1.165 1.752. 2.056
. 50 1,757 1.57) t1.8k9 1.847 1.761
75 1 1721 1 -‘699 4 . 1 .699 2.119
100 1.268 1.588 1.909
150 1,400 1.589
200 2.080 . 1.696°
256G 1.418 1.621
NOVEMBER ¢ 1778 2,012 1.792 1.591 1.635 1.740 1,056
(8sII) 10 1.832 1.971 1,832 1.742 1.899 1.¥53 1.129
25 1,710 1,302 1.758 1.813 1.700 1.0
50 2.275  1.188 1.632 1.L76  1.b55  1.563 o
75 1.1 0.647 . .
100 1.273
150 1.099
200 0.520
@&
11 1
PN ;/’j
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TABLE 5. AVERAGE VALUES FOR TH% TOP %0 METERS b
x, - : STATION NUMBER
.1 2 3 b 5 6 K
‘A, Total nwiber of protozoa g .

' March 6o 809 836 999 56k 1195 72
June -+ . 1057 1581 106 ‘1239 883 1480 2302
Mugnst 7393 5329 360 8156 167
Noverber 1227 3 NMzs 1593 1553 1492 3hh7
B. - Nunber of species S R
March 8§ 9 9 8 6 8 8
June 6 6 6 6 9 1
August R T 12 10 17 16
November . ‘9 9 8 9 9 10 7

) - * ¢ ‘\ N
C, Species diversity index .
. *March 1,25 1.459 1.843 1.33% 1.bh  1.27% 1,756
June 1,225 1,368 0,990 1,333 1.h59 1.770 1,922
y August . "1 -}430 1 ~h061 -370 ! " 1 -?8‘ s 1 -92h

» November T.899 1.693 1.679 1.656 1.672 1.709 1.093 -
b, Percentage of total protozoa comprised of tintinnids )
March ' 12 5 8 . 2 5 6 6
June 2 i TR 3 0 38
< hugust 20 12 12 R 9
November . 36 23 26 6 3 « b 3
E. Percentage of total protozoa comprised of strombidia ”
March 15 79 7 8L 19 87 66
June . 63 79 8 T 69 25 22
August 75 8l g2 82 67
Noverber, 61 68 58 | 62 72 8 . 62
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TABLE 6,

e, i M 5 T W —

STATION NUMBER :
1 2 3 h 5 6,

Y Y LA et w

A. Total number of pratozoa.w

March 361 7k 66 107’ 146 228

une "33 bt ko slo 131

gust. SUB T Bl 291 . 588,

November v 106 358 .
B, ' Humb;er of species . } .
March T 5 8 3 6 6
June 5 5. L, 7 6
Avgust 8 8 T« 9
Novenber ) L 2

0. ° Specles diversity index .
tarch  1.386 1,366 1.322 0.97h 121 1.hi6
June 1,000 12372 0.866 1.5 1.391
August 1.721 1.h8L 1.633 . 1.699
November 1.086 0.647 '

*»

D, Percentage of total protozoa comprised of tintinnids
March . s 0 24 12 18 15
June ° L 10 "0, 11 59
August <18 1L 1 . 9
Novenber b3 0

4

E. Percentage of total protozoa comprised of strombidia
(/ % 8 o %0 713 9.
. 88~ 80 96° 78 28

March

June . ,

Mgust - LT 6 68 k9 82
November T 39 100

AVERAGEZ VALUES FOR THE 50 - 250 MEYER“LAYER

e a—— — g0

119
587
192

1.542
2,182
« 1.787

50
39

—
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L. APPENDIX D (
“‘ + = - " \"‘w
; . ) . Page
i N >
] Figure 1. Population growth pf Tintinnopsis strigosa ;
! in culture, O . D
Figure 2. Population growth of Helicostomella
J subulata in culture. ) v D2
}
Figure 3." Population growth of Tintinnopsis
karajacensis in culture. D2
Figure 4. Correlation between average lorica length
and abundance of Helicostomella subulata in the NWA D3
Figure 5. Correlation between average lorica length '
and abundance of Tintinnopsis sacculus in the NWA - D4
Figure 6a. Correlation between.gverage lorica length
and abundance of Tfntlnnop51 paryvula in the NWA D5
M

e wwow ke

. and abundance of Tintinnopsis strigosa in the NWA
/—:7 a
Figure 7a. Correlation betweé&n average lorica length

Figure 7b. Correlation between average lorica length /
and abundance of Tintinnopsis karajacensis in the NWA / D6

Figure 7c¢. Correlation between average lorica length// °

; . and abundance of Leprotintinnus pellucidus in the NWA/ . D6
! - i -
N ; N 1
& ! &S w

P R s

Figure 6b. Correlation between av age lorica l$¢;th’ 45\\
D5

w *“and abundance of Parafavella glgantea in the NWA D&
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